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ОО000000003.10000000005УМОДО000,.00005іа9000000,.00 
ОООО0000.0000005УМОДОО000000 О0000000000,О00000000000 
ULL] 


ОО000,000000000000000000000000003.10000000000000 
ПО000000000000)0000000000)000000,000000000х»ем100 
ynew 1000000020 D> 1),П000000000000000000000)000000 
(D>2)[] 
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一 一 线性 回归 
° 训练 数据 








03.1 LoUUUUUUUUUU 


ОООО00000000000000000000:0003.1000000000000000.0 
LLLI new ШИ 


3.1.2 ПИШИ 


ООД0000000000000000000,000000000000000000м/ 02" 


N | Тай Б) — UJ. 
`` i-l..N 


(3.2) 


ПО00,000000000000000000000(орјесіме function), 000 
0"00"0003.20 (Fy, p(X)-y) 000000 055 function), 00000000000 
0000000,03..200000000000 (5дчагеа error 1055)000000000000 
ООО00000000000000, 0000000000000000(со5# function) ЈОД 
ПОДОО000000000000,.0000000(2егорігісаї risk) ООО00000000С000 
П)ОО0О000000000000000000000 


00,00000000000000000ачаагаёс function) 20000000О у; 
ОД007х9 ООДОООД0000070000000000000000000000000 


ООО000000.900000000000. 00000000000000000,00000000 
ООО00000000000000000000000000000000000000000.00У10 
f x) ООООО00000000,0000000(01пагу 1055) rd fox) EE TL 
00000000? 


ОО, ОООО ОООО ОС, 000000000000000000000000,.0 
ООООО000000000000000000007200,000000000.0000000000 


ОО ОО000000000000000 


• ПОДОООО00000000.0000000000 
• ШИ ШИГ 


ООООО000000000000000000000000000000000,.0000000000 
0000? 0000000,000000000000(омегӯёіта)000000000000000 
ОО00000000.0000000000000 


03.200000000000000000000000(00)003.100000000000,0 
ОП0000(00)00010000000(роіупот!а! regression) 000000000 
ОООО0000000,.00000000000000000050000000000000000000 











03.2 [HII 


LILI ОДОООД00000000000000000000900000000000000000 
021805П0,П00000010:00:000(Аагіеп-Магіе Еедепаге) ІП 
ООООО0000000000000000000000000000000000000097000000 
ООО0000000.0000000,00000000000000000000,000000000.000 
ОДОД0000000000000(сіо5еа form solution) Ш ПЕН 
ОО0000000000000000000000000000000(9гадіепё descent)], 


000000,.000000 


HOUD, О000000000000000000000000030040000000010,.00 
Ши ОНИ 


LILI. ОД0000000000000200003.200.00000000000,.0000000 
0 “i0900000000000000w 06} 


3.2 UUUUUU 


D00000(logistic regression) "ДДОДОО000.0000000000000 
UUUUUUUUOUUUUOUUUOUUDODD 


ОООО0000000000000000000000000000000000000 


3.2.1 ПІ 


О0000000,000000х 000000У0000000У0000.00000000000 
0000000 мих ШИШ ШУ ИШ AL 


ОО0000000.0000000000000,000000000000000,00000000 
ПО00000002 .00000000000000,109000000000000.0000Хх000000 
0 000х00000:00,х000000000000Ц00(5бапаага logistic 
function), ПОО5ідтоїа 0, 0000000000000: 

| 


-ге 





J Ur) = 1 


П0,е0000000000,000000(Еиеѓѕ Митреооп ШИ ЦПехрОд 00 
е*Пѕіатоі0000003.3000 
1.0 


0.8 


03.3 ОО000000 


ООО00000000000; 


1 


f í y def 
" г | = F "1 
шо ЧУ; 1 | еті ео) 


(3.3) 
ОДО0000000000000 wx+ 20 


ООО0000000000000 ОО0000000000000000:000000000001м/ 
О090,000079000000У00000000000.00000000000000.5,0000х 
ОДООДО00000000000.000000000000000000000000500000000 
ШИЛ 


HOD 00000000000 ми ne tuu. pa aa. aaa b add 
11 1(Меап Squared Error, MSE)[] 


3.2.2 ПІ 


ООО00000.0000000000000000їкетіпооау0000000,0000000 
ООО000000000000000000 


[0000,00000000000000(%, У?О00,00000000(000)0000000% 
16000,0003. 00000 х 000 »+000,00000000 <е< 100000 “000, 0 
000000, ynn en On yna yaa 1 -20 


LLULLU (optimization criterion) DID emaximum 
пкеіћооа)05000000,0000000000000,000000000000000000: 


def 


г ч 
| | | ба MC (ж АСУ) 
L ШЕ 4 b ] u.b | 4 | | | 1 m J ur. б | «С | | 


i]... 


(3.4) 


000%, a(x- fy Oc) ) ? DO OD] Ly -1ПП 
fw, pO ULL UUU- ћи, eC) ОО0О000000, UE = 1,102 - y; )— 00000000 
00000002.00(2-/у, (жд) P? DELBBO UU 20, fy, (x) 0010 


Ши ОО000000000000ПОрО0000000000200000,.000 
МОДОДОООО00000000000000С0000000000000,0000009000000 
ППИ Под - ке оод)[: 


def Р Р V 1 й Р | т. Ч г. Е Р A 
log Lay b = |n елеп (GEL = ) y;ln ры (42) T (1 — Wi) In (1 С Tw. wa 


i—] 


ШИШ 100101 Ctrictly increasing function), ООООООООООО 
ООО000000000000000000 


ОО00000,0000000000000000,0000000000,00000(9гадіепі 
descent) Is p Tr] 


3.3 ПОПОВ 


О0О( decision ёгее)0000000000000(9гарһ)000000000,000 
ДУООООвОвОвОвОООООООО„оооооооооо; 
ППППППОеаг node) ДООО00000000000000000 


ООО0000000 0000000000000000 


3.3.1 (1 1 


ОДО00000:000001.0,1 000000000000.000000000000000 


3.3.2 ПИШИ 


ООДО0000000000000, 00000000001930000 


ОО0000000000000: 


N 
N У. yiln fyna Ui) T (1 — Wi Ìn (1 - fipa (4!) 


i—l 


(3.5) 
00, fip з 000000 


000000, О000000000000000000 000000000000000000000 
ПП(рагатеігіс model), Д/ 25 0/0 ЗООДОДОО000000000000 


C 


„ 4 def : | : 
(nonparametric model),[]fipalz) = Priy = 12) 


ІОЗОДО0Об00000500000000000,00000000000000, 000000, 
def, N 
S = (2, v 10000000000: 


с def 1 
Льз = ЕП | > y 


(жує S 


(3.6) 


ООО000000х0П0, /з(=),]00000003.4(а)0,00000000012000 
00000 







S— (xi, y1); (22, Уо), (хз, Уз), 
(х4, Уд), (Xs, ys), (х6, yg); 
(х7, ут), (хв, yg), (хо, yo), 
(x19. V10); (X11; У11)» (x12, У12)) 


Pry = 1|x) = (yt +у2+уз+у4+у5+ 
Ув tyrtygtygyigtyn tyi2)/12 


5. = ((x1,y1); (2,72), 


(xa, у4), (Xe, Уб), (7, Ут), 
(св, yg), (Xo, уә)) (X11; y1), (X12; У12)) 


5+ = {03 уз), (Xs,ys), (X10, 10); 





Pry = 1|x) = (yty буді PrO = х) = 
уб+Ут+У8+У9)/7 (уз ћу Куру 1 7125 





Pr(y = 1|x) Pr = Тр Pry = 1|x) 
(a) (b) 


03.4 ПОПОВОВОВОВОВ 


0:000050012000000С:а)00.00000000000,000000000000009000 
О000000000000,00003001018. 3, ОО000000000000000000 


00,00000000/=1,...,оО0000,0050000000: 
5 а уљу) € S. ті) < 05+ Em (в, у) Є 5. ті) > 1111000000 
ОООДО00000000, 2000000000007, 905.05 00000000, 0000000000 
О00000000,.00000005-.05 (0000000000000000000000)003.4(0) 
0000003 .4(а)О0000000000000 


00,000000000000701030,0000О(епігору  ООДОО0000000000 
ООООО000000000000000000000,00000000000050000007 


def 


H (S) = —f məlnf из — (1 — f тра) In (1 — f рә) 


ОДОО00000)00000 00000000, 00000 MS., 5 ) ШИШ ШИШ TL 
ПП 


б ~ lef 1 5-| Fe |8; Petr ` 
H(5.,5,) = ——H(5.) + ——- H (54) 
E 5 


(3.7) 
ОТО ЗО00000.0000000,.000003. 7000,.00000000000000000 
Ши 11111111 


• П0000000000000(03.6)00000 
° ШИШ 
HI ec aun! ^0 
• ПО00000000000000000)0 


ОО00000,00000000000000(000000000) 103З000000000000 
О0000000000(баскігаскіпд) 00000000, ОООДО00000000000 


ОООО000000000000064.5000103,000000: 


° ШИШ 
° ШИШ 
• П0000000(ооёот-ир)0" 0" (pruning) Пи 


ОО000000:00000000. 00000000, 00000000000000,.0000000 
ПП 





ОООО0000000000:0500000000000000.0000009/000000000 
0000,.000002 О00000000000000000000000000000000.000000 
00000000 


3.4 [|| 


ОО О0000000000000,ОО0000000000000000000: 
10000000000,00000000000000000,000%* 


2П0000000000000,0000000000000(һоһег-огаег 
ројупотта 0,100? 


О00000003.50000000,0000000(00000000000),000000000 
000003.5(0)0,00000000,00000000 





03.5 DUOUUUUUUU 


ОО005М М, ШИШ ШИШ 


ух, -Ь зі, Шу = +1 FF 
wx,-bz-1, Чу =- 16 


(3.8) 


00,00000 «e mm; ОО000000000000000000000/21000000 
1 2 
2 пододроро nnnm (quadratic programming) 
000000, УМОДОДОООО: 


1 2 
min; [|| ‚ ПО (ие - 5)- 1 20,1 = 1,...,М№ 


(3.9) 


3.4.1 (ПТ 


IEEE) V МОДОДООО0000,0000000000(0іподе 1055) 
[:max(0,1- y (мих. b))[] 


003.8 00000000,.00000000000,.00 wx ООО0000000000,0000 
ПОДО0000000000, ОО000000000000000 


000 00000000000Ш0: 
C ||w |^ + 2 3 max (0,1 — y; (waz; — b)) 
N 21 
ОООД00000000,00000000х О000000000000С000000000000 
ID30UU0U<s0% GUUUUUUUUUUUUUUUUU>VMOUUUUU 
(soft-margin)SVM[] 


О000000,.0Є00000, ООО000000000000005УМОДОДООО000,.00 
ОООО0000000 Є0000000000000000000000, 5УМОДОДООДОО00000 
ОО000,.00000000000000000, 61000000000000(0000000)00000 
(О00)0000000 


3.4.2 ПРОСО 


2vMUUUUUUUUUUUUUUUUUUUUUUUUUUUU,UUUUUUUUUUUUUUD 
UUUUUUUUUUUUUUUUUUUUUUU>vMDUUUUU,UUUUUUUUD 
(implicitly ООДОД0000000000000000(кегпеї trie k)r] 


00000000003.600,0000000000(таррил9) ф:ха$(х)000000 
ОООО000000000000000000, ФОхОО00х0000000003.5 (0)00000 
000,0000000=(9,21000000000(003.6)0,9 (le: P1) ^ (4, У2ар, ^J 
0,2000000000,0000000000000000000 





O 20 40 60 % 100-75 


03.6 ПО000000000,03.5:6)00000000000 


О0,0000000000000Ф000000000000000000000000000000 
0000 005УМООО0.О000000000000000000000.0000000000000 
0000 


О000,00000000000000000000000000000000000Ккегпе! 
function, ПО00(кегпеї) ІО00000000,000000005%Мр000000000 
ЦОГ 


О00003.90000000000000( method ої Lagrange 
multipher 00000003. 900, ОО0О0000000000: 


max у (xj — — у У Vio |i Јура 
Ср МЕ = | 2 Е" | 


N 


cuu; = 0 
-— Пра=0,/=1 — N 
00, а000000000000,000000000000000000(сопуех quadratic 
optimization problem), ЦИП ПП 


ОО0000000000.00000000000, l>» ДООО000000000000000 
IL, Lx АП ПФООПФОСОППИПИПИПИПИПГПГІ 


00, Ge 00000 aa ds aa ad ad ma d n rad; ad aa dac rad prn 
ОООД000,О000000000000000000000,00000000000000000000 
ОДОД000000000000000000000000000,.000( 45 „21)0(9>,6>)000( 
Ti, дп ра, PDD, v 295 p», РФ9ДОДОООО (4192-62 фу 95 ри P2 +Р1Р2) 0000 
00(91,24)0(9>„62)000(9+ 4» P1 P2), 0000000000000222 

+2 14201 ро "РЦ 


0000000000000,О000 кор ха = (жао #0000000,000000000 
(Radial Basis Function,RBFL]: 


k(x, £") = exp cc 
20“ 


оре — а Одопо(Еисіїдеапаївсапсе) ПООООО000000000: 


АС y (2) (2), 2 г (D) (D) 2 
== 4 k 1 => |J 1 ڪڪ‎ М. Ё ) f aa». |. |3 i = Л Ё ] 


1) 


f « def / К. 
d Gb? Фе) = У (2; 





ВЕВРОООООО00000000000000009е. 000000000000000000000 
000000 


3.5 КІ 


КОО(к- Меагезі Neighbor, КММ)ДОООО0ОД000О000О000000000 
ОД0000000000,.0кмМм UD XCTI 
Ц,КММПППУХЕППКОПП ПИ ИЛ, 00000000 
Ши 


Ши . 000000000000000000000000000000 
ШП ИШ Ш ЦСсоп5пе similarity ЮОДОДО0000: 


- 


5 (Xi, £k) = cos {A [mi.mk)) = 





ООДОД000000000000000000000000,0000000000,.0000000 
ПІ ООООД000000.0000000О000000000000000,000000-20000000 
0000000,00000-10000000000000000000( Che by che v 
distance)LlÌLlLILl(Mahalanobis діѕёапсе)0000(Наттіпд 
distance)LDB pp A Dm Dn p; ОО000ДО000000000000000000000 
ОО)00000000000000200000 


[1] ПШПУЕЕПППУЯПИПИГПИГИГП П00000000,00000000000000 
LlLl 


[2] ПО0000000000,000000000000,000000000000000000,000 
ШИЛ Ч 


[3] ДОО0:000000, ОДОД000000000000000007000070700000070 


141 ПО50,.00000000000 


141 0000 


4.1 ШИШ 


ООО0000000000,000000000003000: 


• ШИ 
• ПООДОООДОДО00 00000000 
• ШИШ 


ОООО000000000000000000000 О000000000000000000000 
ОС00.000000000,.00000), ОООО00С000000КО00900000000000000 
ОКОООО0О00000000.000000000000 000000000000000000000 
ОО0000000000000,000000000000000000000)0 


ШИЛ ШТ 0000007 00000000000 
N, ОД00000000000 


ОО0000000000000000000000000000 00000000000000000 
ОДОО00 00000000000С0000090000000 


ООО00000000,. 000000000000000005УМО0Д0000, ОО0000000 
О0000,.000000005У М .ОООО0000000000000000,00000000000.0 
ОО000000000000000,.0000000000,.0000000000000 


ОО00000000000000000 


4.2 ШЇЇ 


[O00,000000000000000000000000t*0000Pythong000000 
OOOO, ОО00000000000000000000000, 000000000000000000,.000 
00000000: и/1200000000000000:00000000 ag и“ >, w (Jb, 0000 
pow”, w 2, мА) 00000 


ОО0000000, 00000000000С00000000009000000000:000000 
Ши 00000000000000000000000000. 00000000000000 
ОООО0000000000000000000000 


000200000000,.00020000000,.000000х», У = 00, 009000000 
000004.2000000 


销售 作为 广播 广告 开销 的 函数 





0 10 20 30 40 50 
开销 / 百 万 美元 


04.1 000 


О: yon c p» «00000000. 00000000000000090 


ЕНЕ тл mm 





О00000,0000000000:4х) = wx+ DI IILI JOU LI, III 
UUUUUUUUUUUUUUUUUUUU и'120: 


№ 
def 1 | Р Р ul гүү? 
[ = N 2. [yi — (uz; + D)) 
ОО0Д00000000000000; 
s - M — 2T, (1; — (wri + 6)) : 
. N 
à —N2 —2 (yi — (ша + b)) 


(4.1) 


ПОСи-(иих+ Б))20 и 000, 0000000000000, = © (2 0000000 
Hf =уУ-(иих+ b),D/2 = ^000и/0000,0000%0000,002(у- 


FR WON 
(иих+ Б))(00000,0000002е= ^^ ЭШ Шу (их 6)0и/000-х00 
Яя 14 нээ u O 
— = — У –2тиф — (шт; + b)) Oi 
mmm nee ^ > 00000,0060000950 


О0000000(еросп) ДООООООООПООДОДО00000000000,00000 


211 и«-006=00000090950000^ 2, ]^ > 000000,0000 


0000 мреюД0000000004000 


‚у .ا‎ 
Ш €— Ш — ag: 
be b— o 

(10 


(4.2) 


ООО000000(0000)000,000000000000000000000003700,00 
ОДОД0О0000000000000000000, 00000000, 000000000000000 
О)0О000000000009.00000000,0000000000 


000000.00004.1)000и0б00000000:00000,0000000000,.000 
ОД00000000 w 900000000000000.000000000 


UUUUUUUUUUUUPythonDUUUUUUUUUUUUUUU,UUUUUUUUUUUUUD 
UUUUUUUUUUUUUUUUUUUUUUPythonUUUUUUUUUUDU 


ШИГ Ши 


def update w and b(spendings, sales, м, b, alpha): 
dl dw - 0.0 
dl db - 0.0 
М - len(spendings) 


for і in range(N): 
dl_dw += -2*spendings[i]*(sales[i] - (w*spendings[i] * b)) 
dl db += -2*(sales[i] - (w*spendings[i] +Ъ)) 


10 # update u and b 


w - (1/float(N))*dl_dw*alpha 
b - (i/float(N))*dl db*alpha 


11 W 
12 b 


14 return w, b 


UUUforUUUUUUUUUUUUUUDD 


5 def train(spendings, sales, и, b, alpha, epochs): 


16 for e in range(epochs): 

17 м, b = update w and b(spendings, sales, w, b, alpha) 
18 

19 Я Log the progress 

20 if e 7 400 == 0: 

21 print("epoch:", e, "loss: ", avg loss(spendings, 
22 sales, w, b)) 

23 return w, b 


ПгатпП Цамод, 1055 ПО0000000000, 000000: 


25 def avg loss(spendings, sales, м, b): 


26 № = len(spendings) 

27 total error = 0.0 

28 for i in range(N): 

29 total_error += (sales[i] - (w*spendings[i] + b))**2 
30 return total error / float(N) 


00000000а=0.001Пи=0.006=0.0,000001 500ОП ган 0 
Ши 


epoch: O loss: 92.32078294903626 
epoch: 400 loss: 33.79131790081576 
epoch: 800 loss: 27.9918542960729 
epoch: 1200 loss: 24.33481690722147 
epoch: 1600 loss: 22.028754937538633 


epoch: 2800 loss: 19.07940244306619 


О000000,.006га m ШИШ ОООООО000000000000000000 
4.2000 





周期 1600 


04.2 ШИШ ПИ 


00,00000000 И 90000,.0000000000000: 


п def predict(x, м, b): 
32 return w*x + b 


ШИЛ 


з М, Б = train(x, y, 0.0, 0.0, 0.001, 15000) 
34 х new = 23.0 

s y_new = predict(x new, м, b) 

36 print(y_new) 


00000001 3.9 711 


90000000 00000000. 000000000000000000,.000000000 
ОО0000000000000000 


00000000 ( піпіраїсй Stochastic Gradient 
Descent,minibatch SGD)[JI III ИН ОО00ДО0000000009000Ш, 
000000005860000000700"000,А4адгаа ШИ, ШИ ЇЇ 
ШИ ПИ Цаг ШИШ О000000(Моплепіипа))00005С0Г00 


0 ООДОДДОб00000000000000000000,0000560000.0АВМУргорг 
Adam[] 


000000, О0000000000000000000000000000000,. 00000000 
ОО000000(0000000000)0 


4.3 О000000000О 


ОО000000000000 110 1 СН . Ш 0 TE TE] 
ООООООДОД0О0000000000000000000000000016гагу) 2000000 
ПО open ѕоигсеа)000000000000000,000000000000000000 
ПОоррозек  еагп  ПРУПОПЛСеДОДОДОДОДзсі ТЕ ea rnt 1 ЇЇ 


‚ def train(x, у): 
from sklearn.linear_model import LinearRegression 
model - LinearRegression().fit(x,y) 
return model 

6 model = train(x,y) 

s х new = 23.0 


о y_new = model.predict(x new) 
о print(y_new) 


0000000013.9700000007000001їпеагведге55іо п (0009000 
000000. ОО0О00000000000000.0000000000000000 
LogisticRegression([ 1 1ППЭМУССи 1 15011 :1ёаг 1 ) 
[)),DecisionTreeClassifier([| L) Меаге5 Мег ућрог (КО ПИ 
<СІКІС-Іеагп 11 1 


4.4 ПП 


NOD. in 
0 зммуДеЛОЗПеда ДО000С00000900000,.00а0 


0000. 00000,.0000000000000.0000000700700,.000 
0707707707.00О000000005УМООООДОДО00КОДСООООО0000000000) 
UUUUUUUUU,scIKit-iearnUUUUUUUUUUUUUUUUUUUUUUUUUUUUUDD 
ШИШ 


О000,.005ММ ОООО00000000000000000000000000000000 
ОО0000000, 0000000000000000000000СХ0000000000090000000 
Ши 000000000000000.900000000000000000000 


ОО0000.05УМОКОД, ОООДООО00О0000000000000,00000000 
ОООД0000002000000000000000000000000.00000000000000 
ШИШ 


ПОДОО0С:000000000000005УМ)ПООДО0О000000000000000.0 
000000000000000000000000000000005е0000/5с60000 
scikit-learn[][] 


PassiveAggressiveClassifier/PassiveAggressiveRegressor)[][][] 


Ши, 0000000000000000 


О0,000000000005%МПКО00)0000000000000;000000000000 
00 00000000 


ОО ОО0000000000000000000000000000000000000000000 
ШИГ 


[1] ПООООО0000 О000000000000000,.0000000000000000000 
ОО000000.900000000000000000000 


(21 П0000(00000)0000000,0000000000000000000000000000 
О0000000000000000000000),00000000000000 


[3] ОООДО00000000 


150 0000 


Ши ОДОООООДОД000000000000000000000000000000 
0, 000000000000000000000,.00000000000,0000000000000000 
LlLlscikit-Iearn[]model—LogisticRegression().fit(x, y )LILIEIEILILILTL] 


LlLl 


5.1 [I 


UUUUUOOUUOUU О0000500000000000000000000000000000 
ШИГ, 0000000000000000000000000000,.00000000000 
(dataset)[] 


[0000000,0. 0000 (labeled example)00,000 
(rs. y) HT OI ОООООООО(Теабиге меског)ррооооооо 
=1,....000000000000000000000000(еаиге), ОООхУП 


ПООО(еа иге engineering)iUUUUUUUUUUUUUUUUUUUUUUUDU， 
Ши 00000000000000000000 


HOOO, О0000000000000000000.9000000000000000000000 
ОО00000000000000,00000000000000 0000000000000000000 
000000000000000000($е$$юп)0000(00000),000000 


(гедиес5ОПШ Ши (гееропзе time) Ши 
ОООО000000000 погилабімеу ООСОДО0О0О000000000000000000 
ППИПИПИПИПИПИПИПИПИПП(ргесісеме power) bbb i l| 
(ѕеѕѕіоп)О0000,00000000000000000000000000 


ОООООД000000000000000000000000.000000000000000000 
000000 


9.1.1 ППП 


ОООО0000000000000000000000000000,.007007070000007, 
ОО0000000000000000000 


0000000700700,.00300000707707707.00000000000000300 
000000: 


红 = [1,0,0] 
ж = |0,1,0| 
ж = [0,0,1] 


(5.1) 


UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUILUUUUU2<DU 
UUU30UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU,UUUUUU 
000000000- 0000,000000000000000000,00000000 


5.1.2 ПП 


ОДОД0О0000000000000000000000(06іппіп9)000 
(pucketing)UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU,UUUUUUUUU 
О0000,.О000000000000.000000000000000:000- 50000000 
0,6--10000010,11-15000000.00000 


DO000,000/=4000000000,00000000000000003000,“000 
1"*0002"" 0003", 000-123-124 /=125000,00000ХООГ 
nn gUn. = 13,00008 = 100000 


ОО0000,ОО0000000000000000000000000000000000007 И 
О07.О000000000000,.00000000000 


5.1.3 ППП 


О00(погллаїгайоп)ОДООООООООД0О00000000000000000,00 
ПИППГІППІ-1,-1110,110 


00,0000000000000035001450,000000010350,000110,00 
ОДОД0000010,110 


ОО00000000: 


rJ' — min"! 


max — mint! 


ПП,тіп тах "rim damn nmm md 


ООО000000700.000000000000000000, 0000000000000000 
ПА00,0000000000000000000000000000000и0и20,000000 
000000 и20000000х00500,1 0001,0х"20000010,0.000 
11,000000000000000000000 


О0,0000000000000000000,00000000000000000000(000 
ГІП 


9.1.4 ||| 


ПО (5 «апладага га поп) 00 ПОП (7-<соге normalization), ODOC 


LICIDCOIDOD EU 0D e- 10О000000000, ОООО0С000000000000), 2000 
000000 


Об000000000200900000: 


ОООО00000. 00000000000000000000000002000000000000 
0000,00000000,.00000,0000000000. 00000000000000000 


ООО00000000000.000000: 


• Ш ОД00000000000000000 

• ПОООООДОООО0О000С0000009000,0000000 

• ПОО00000000000000(000),000000000;00000000000,0000 
0000" DU 000000000 


• СОШО, 0000000 
ООО0О0000000000000000 О О П о: 
000000 


5.1.5 UUUUUUU 


ОО О0О00000000000000000, 00000000000000000000000 
Ши 00000000000000000000000000 


ООО00000000000; 


• ПООДООООДОО00О00000:00000000000. 0000000000000090 
• ПОООООДОДОО0О00000С:00000000000000000090 
° ШИШ 


5.1.6 UUUUUL 
ОО00000000,000000000000000000000: 


2: ы 
MI 4 тра r 


| 


ПОМ < №, МОДОДОДУОД0О00.00О00О000000000)00000 


ОО0000000000000000000000000,000000010,11,00000000 
0020-100000000,0000000000000000,0000000000000,000000 


О00000000000000,0000000000001-1,211,000000000000000000 
ОО00000000000000000 


ОДО000000.00000000000000000000000000000012 +" 
ул „2л 0000,00 жао 000000000,0000000 
ПП an 00000000 О0000000000000/00,000000 en 


yia ин 


ШИГ 0000000000, 0000000000000 00000000000000 
ООДООО0000000200000.00/2 1 20000000000000Хх0,00000000 
/-04-100001200000,000002 00000000000.000000000000000 
ПП 


OOOO, 00000000. 900000000000000000000 


Ши 0000000000000000000000.000000000000 
ULL] 


2.2 UUUUUU 


ООО00000000000000000000000000,.00000000000000,.0000 
0  ОДО0О000000000000000000000,.00000000000,.00000000000 
ОО0.0000000000 


° ПШ 


О0000000, 1 ! Ши LI 
ОО000000000000000,.0000000000000000000,.0000000,.000000 


000000 
00, 48 ЇЇ 
° ПУ. ПОП 


ОООО0000000000000000000000000000,0000000000000 
LI; LILI ОДОО00000000000000 псгетепта! learning algorithm), T] 
Ши TEILT] 


° ШИШ 


ОООО0000000000700000000009000000000000000000000, 
ОДОД0О00000С00000000003 00000000000,05МУМД 


• РО000м5.0000 


ООДОО00000000000000000,.0000007000000,00000000000 
ОО000000.0000000000000000 


° ШИГ 


ООДО000000000000000000000007000.0000005УМОДООП 
ОООО000000700.00000000000000000000006000 70000000000 
0000 


° ВОДО 


ООООО0000000000000000920000000000000000000090,0000 
ООО00000000,.0000000000000000000000000000000000000000 
ОООДООО0СО00009000000000(СРО9ОДОДОО0О00000000000 


• ВОДО 


ООООО00000000000009?000000000000000000007005УМПО 
ШИН 8 ICT 
0000,00000 5 


ОО000000000000000000000000,000000000000000000000 
О000000000000,00008сікіє-Іеагпо,00000000000000,005.2000 


classification 


dimensionality 
reduction 





05.1  scikit-IearnD]JDDDDDDDDDD 


5.3 ЗПП 


0000,000007 0007 070007 0000000,.000000,0000000000000 
ООЗО00000: 


° ВОД 
• ВОДО 
° ВОДО 


ООООО0000000000.000000000000000,.0000З000:0000000 
О 0000000000000000000000.0000000000000 
О0,0000000000000000000000,00000000000(һоіаоџиќ set)L] 


ЗООПОООО0000000000000000,.0000000000070976000001 53706 
О00000001 592 0000000,000000, 0000000000000000000, 00000 
000095»: ПОО000000,0000000002.596П 


ООО0000.000000000003000, ОО000000000900000:000000 
OOOD, ОО000000000000000000000000000000000000.00000000 
U 00 00000 О0000000000000,00000000000000000000000000 
ООО0О00000000000 TC TL ILI 


LILI ОДОООО000000000700000000000000000000000000000 
ОО000000000,.00000000000000 


2.4 ШИШ! 


ОООО0000,.0000000001а5) 000000000000000000000000,.000 
ОДОД0О000000000000000000000, О0000000000019П bias), 000 
ПООО r(underfie) ДОДОДОО000000000000000000000000000000 
Ши : 


• ПО000000000000(00,0000000000000)0 
° ПООООО0000000 


ООООО0Д0000000000000000:00000000000000000,.00000000 
ООО0О000000000:000000000000000000 00000000000000000 
00000, 5) ШШШ 


ООО000000000000000.00000000000000 


LEID overfitting) ПП ПП ППТ, 
ООООО000000000000000000000ЗО000000000000000000900,.000 
ӨШ: 


• ПООДООО0000С00,00000000000000000000000000090 
• ШИШ 


ШИШ ШИШ ШИШ 1 Оһ variance ШИШ 
О 000000000000000000000000,.00000000000 
HOOO, ОО000000000000000000000000000000000:00000000000 
ШИЛ 


Ши. 00000.00000000000000000000000000000000 
000000, 00000000000,. 0000000000000 00000000000000000 
ОДО0.0000000000и0000000 и^?О0000000 


ОО0О000000000000000.000000000000. 000000000000000 
0  ООО0ОД00000000000:00000000000000000000000000000000 
Ши 


00005 .2000000000000000000000000000000000 


一 一 线性 模型 ( 欠 拟 合 ) 一 一 二 次 模型 ЧИЙ) 
° 训练 样本 


一 一 15 次 多 项 式 (过 拟 合 ) 
° 训练 样本 





—4 -2 0 2 
欠 拟 合 


05.2 ПООО00(0000)000(0000)00000(150000) 


Ши : 


()000000000(000000000000,00000000005%УМр0АВғр,П0 
О00000/0000000000)0 


(2)00000000000(00,000000090000000000000)0 
(ЗУ000000, 00000000 
(4)00000000 


ULKregularizatlon 0000000000000 


5.5 [I 


ООО000000.9000000000000000000000000000. 00000000 
ОООО0000000000000000000-0000061а5-магіапсе їгадеот О 


10620 оббб0000000000000000000.00000000000,000000 
ООО0О0000000000000000000.000000000000000 


ОО00000000000: 
wb N 2, (fw (25) — yi)” 
(5.2) 


Hu 000000000: 


min |С [w| CY "ar ) wb (Fi) — Wi) 
wb М. | 


1 二 1 


(5.3) 


ПО, 1-1 ШИШ CULO, П000000000000 
00000000,000 Є00000,.0000000000000000000 миОДОД000000 

1118 OU 

Ll, ООО00000000 000000000000000000600, 0000000000 


ООС2000000000: 


min Cll wll + — yN fai == yi)” ! 
M.D N pur | 


Г) 


а^ == У (w)? 
L 7-1 П 


(5.4) 


00000, 0 0000000000 (5рагзе mode СО. 
0000000(00000000,000и/?)0009000,-1000000000000000000 
ООООО000000000000000000000000000.00000000000000000Ш, 
о0ь2000000000000,.-20000000.000000000000000 


ПППППППППП(еіавиас net regularization  UUIUUUULIULZ2L 
0 2 10220000000000000000000 22 0000оОо0ОО (паде 


гедШагїтай01),1 11111 Паз5о)П 


ООО0000000,-100200000000000,0000000000000000000 
ПП 


LILI ОООО000000000000(агороибудрд000(баєсй 
normalization (ODL, ОООДО00Д000000000:000000(даба 
ачдтепёайоп)0000(еагіу ѕёорріто)0000008000000000 


5.6 UUUUUU 


ОООО000000000000000,0000000000200000000000000 


ОО0О000000000000000000. 00000000000000000000000.0 
ООО000000000000000000000,.00000000 


Ши О000000000000000000000000000000000000000 
ООО00000000000000000000000000000000000000000,.00000 
ОД00000( теап model) ДООД0000000000000000000000000000 
ОО000000000000000 000000000000000000000 


00000,000000000000000000 (MSE)000000000000MSE0 
ОООО00000.0000000000000.000000000000000000007 0000700 
ОООД0000.00000000000000000/0000000000 


000000, О0000000000000000000: 


° ПП 

e ШИУЛШ ИГ 

° ПШ 

° 01-00000 
° КОСПППППП 


Ши, О0000000000000000, 000000000000000000000 


5.6.1 [| I] 


LED E( confusion таїгіх)00000,0000000000000000000000 
ООО0О0000000000000, 000000000000000000000000000000000 
UUUUUUUUUU 0000 07000000 


| mmm мин 





0000000) 23(00,ТР) 1(00,РМ) 
00000400) 12(ПП,ЕР) 2526(UU,TN) 


00000000, 024000000000,.000000000002 ЗО00000000000 
0,000002 30000 (гие positive, ТР), ТРА 2 3000000000000000 о 
О00000,00010000(Таї5е педабіме,РМ),ОРМ-10000,.056800000 
0000,5560000000,05560000(0гие negative, ТМ),ПТМ «556ДП 
0,1 2000000000000 01 20000 (та!5е positive,FP),[]FP— 12[] 


Ши ОО000000000000000000000000000000,.00000 
ОО00000000,00000000000000000150707000707.007070007070 
ППТ О000000000000000,.000070070000000000,.0000000000, 
ОО00000000000000000 


ОО000000000000000000000:000(ргесіѕіоп)О000(геса)0 


5.6.2 ШИШ 


ООООО0000000000000000000000000000000000000000000 
00: 


у gu ME _ 
ВИЖ = 真正 + 假 正 


ОО0О0000000000000000000000: 


усэг 44 ВЛЕ 
BE = 真正 + 假 正 
UUUUOUUUUUUUOOUOUOUOUOUOOOOUUOOOOOOOOOOOOOUOOOOOODDD 
UUUUOOUUUUUOUOOOOOUOOUOOOOOOOOOUUOOUUOOOOOOUOOOOOOODODD 
ООО0000000000000 


ОДОД000000.00000000С0000000000000000000),. 00000000 
ОО ОО0000000000000090 


000000, О0000000000000000000000000000000000000000 
Ши 0000000000; 


• О00000000(5%МЕ000000000000)0 

• Ш О0ОД0000000000000000 

• ПООДООООДО000000000,000000000000000.0000000000000 
ШИ. ОО00000000000000.90000000000000 


ООООО000000000000000.00000000000000000000000000.0 
ООО000000000000000.0000000000000.0000000000000 
5.6.3 ППП 


000 (ассугасу ДОООО00000000000000000000000000,.000 


"EET 真正 + 真 负 
МЕНЕ = Ен + BOE + B 


(5.5) 
A 
ОО000,.О00000000000000000000000000:00000000000,.000000 


ОООО000000000000000.0000000000:0000000000000000,.0000 
0000000 


5.6.4 [| HII 


О000000000000000,0000000(с05- sensitive ассигасу 
ОО000000000000,00000000000000(00000):00000000,000000 


(ТРУДОД(ТМУДОДОООДО0000000000000000,0005.5000000 
5.6.5 КОСІ ЇЇ! 


РВОСДОСО00"О0000000007, ПОО0000090000000000000000 
РОСПООООООСОПОООО0090000С000000000)9.00000000000000 


_ 正 例 

正 例 + 假 负 例 
Mau: alu. _ 
ЕЙ + 假 负 例 


REX 


假 正 率 = 


ВОСПООООООД0О000000к сопйлаепсеу ПП Ш ШИ 
ОДОДОО0000С0000000000009000К0С00000 


ВОСПОООДО:000000000000000000000010,11,.000000000 
|0,0,1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9,11 1 1, ПИПППППППППГ, 
ОООО0000000000000,.00000000000. 7000000000,00000000000 
ОООО000000000000000. 7,0000000:00,.000000 


005.300.000000,.000000000,00000000000100000,000001, 
О0000000,0000000000,0000000000 


真正 率 
真正 率 





0 BEX l 


真正 率 
真正 率 











Р AUC - 0.85 
0 假 正 率 1 





05.3 КОСПППППОП) 


ВОСГП ПСАУС) 0, ПОООООДОО0АЧФСЄПОО 5000000000000 
UUUUAUCU00.2,UUUUUUUUUUUUUUUUUUUUUUAUCUUUULIUUUUUU,L 
UUUUUUUUOUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUULUOOUUUDU 
ПОП 


ВОСПОДОДО ООДОДО0000.000000000С00000000000200000 
ООО00000000000000 


2.7 ТИПІ 


ОООО0000000000, 0000000. 000000000000000000010300є0 
арзУМмУДердорододраррдророро00? О0000000?00000000000020 
Ши 


ОООД00000.000000000000000000007 007000,.0000000000 
О0000.000000000 


ОО00000000000000000000000000000000000),000000000 
О000000,000000000000(9па ѕеагсћ) 


ОО000000000000000000005%м00,00000000000:0000<00 
ПОЈООООГ штеаг”( ГЭ БВВЕ”Т 


00000000000000,.0000 Є000000,00000000000000,.000000 
ОО0С0:0.001,0.01,0.1,1,10,100,1000100000,.0000014Пп000000 
11111111 (0.001,"Пїпеаг"),(0.01,"Ппеаг"),(0.1,"ЇПпеаг"), 
(1,"linear"),(10,"linear"),(100,"linear"),(1000,"linear"), 
(0.001,"rbf"),(0.01,"rbf"),(0.1,"rbf"),(1,"rbf"),(10,"rbf"), 
(100,"rbf"),(1000,"rbf")][] 


О0000.0000001400000,00000000000000000,0000000000 
О0000000000000000)000000000000000000000000000000000 
LlLl 


Ши 000000000000000000000000000,.0000000 
000000 


ОО О000000000000000 


ШИГ 0000000000000000, 00000000000000000000000000 
П.ПППППГ(гапаот ѕеагсћ)0000000000(Вауеѕіап 


hyperparameter optimization)[] 





ОО00000 О0000000000000000000000000000000000,.0000 
ООО0000000000000000.9000000000000 


ОО0О00000000000 ОО00000000000000000000000000,.000 
ОО0000000000000.00000000000000000000000 


0000,000000000(дгааїепі-базвеа technique) LI IL 
(evolutionary optimization technique)|[|[ ПП ПППпППППИППаП 
ООО0О000000000000000.0000000000000000 ОО000000000000, 
Ши Ц 


Ши 


ООО0000000000000000000,000000000000 
(сгоѕ5-ма|іаайоп)ОО0000000000,000000000000000,00000000 
ОО00000000000000,000000000000000000.000000000000000 
ULL] 


ОО0000000000,.00000000000000000000,00000000000000 
ОДОООО00000000020149000000000500000005000000.00000000 
О00500:4 Fr F2, FS ДОА КУ1,...,900002096 0000000,0000 
З ООДОО00000007 0.000072», Рз, Ға, Fs ДОООООДД0000. 004 000000 
ООД000000750.000024,, Рз, Рд, БОДООД0000000, 00 ООООООДО000 
ООООО0О000000.002 ОБООО00000000000000000500000000 


Ши 00000000000000000000000000,.00000000 
Ши, TC TETTE TC TEILT 


[1] П000000000000000000,0000000000,00000000000000,00 
ОДОО0О00000000Х0000000.28.000000000.014.,3,2,150 


[2] ПООООООО000КОДО00000,.000000000000000000000000 


[3] ДООД00000000000 


161 ПОДО00000 


ОЧСО, 0000000000000, 000000000000000,0000000000 
(logistic regression)! 00. ШИШ ЦЭЦ О  Ц 508 тах 
Ши. НЦ IILI I! 


6.1 ШЇЇ 


Ши ГО 111001 1111 


П.ШПП5УМПИПП 000О(печга! network, ММУДОДОДОПОД 
у = му (т) 


ПО мм О0000000:00000000(пебіеа function)LlLlLlLILILILILILILILI 
[I (layer) 00000000300000 мм 2000000: 


увїум X) З (Б (А (Х))) 
0000000, Ћ00000000000000: 
fı (z) Š а (Wiz + bı) 


(6.1) 


OO, ПО00,0001000000000000061000000(асимайоп function)[] 

ОО0000000,0000000,0000000000000000000000000 МУХО00090 
БКП000),000000000000000000000000)00000000000000000600 
06.100000000.00090005ідппоїа 0, 00000000/3000000000000 

ОО О000000000000000 


0000000,000000000 W, 0000000 w 0000090000000 МИ ДО 
При, „(#0000 00002000000000а, „= wy „2+ b; u fA 2000000 
[9(а,1),9Ка/2),..., 9“ ее) 000, 9 ДОД000077, size O 0000000000 
D000,D0000000(multilayer perceptron, МЕР)000000000000000 


ПО(уапШа neural network)[] 


6.1.1 MLN 


ОООООДО00000000МЕРОДОДОДОД0ОДО 000000 
(feedforward neural пеууогк,ЕРЕММ)11 1 ЭГ МЫР 1. 11 1 


0000, ОДОО000000000000, 00000000. 0000З0С0009200000000 


06.100000МЕРО00000006.10,0000000ауег)00000000,000 
О000000(0000, a nre ООДОДО0О00О00000000000000000000000000 
ООО00000000000000000000 


























06.1 ОООД000000000 


ООО000000400000000001 0000 
ООООО00000000000000000000000000.000000000 


ОООО00000000000000.9000000000000000000000.000000 
О000000,.0000000000000000000,.00000000000000009.000000 
ОО00000000000000, 00000000000000000000000000 


006.10,00009900000700000000000000.00000000000000 
000, ООО00000000000000000000000000000000м/,,.06, „00,000 


ООО000000000000,.00УншОПО0ГУ ум уми ППППППППАПППП 
[xD xD 


006.100000.000000000000000000000000000000000000 
[(fully-connected Іауег)000000000000000000000000000 


6.1.2 ПШПШ 


ОО000000000000000000000,0000000(000)000000000000 
ОО00000000 саз ПИ О0О000000000000091аз 00000,.0000000 
ШИШ 


ПО000000000000'00009/,.0000000000/0000м, „0, Jd 
ООДОО00000000007 у ОО0О000000000000000000000000000, 
01000000, Ғана ПП ПП, Wz+ b П000000,00000000000000 
LlLl 


UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUTanHUReLUUUUUUU 
0000, 0000000,.000005-201 (000-102)000000000000.000200000 
009 0002000 


a? — а 


TENE · 
tanh (2) = — 


ех + е 





0 z < 0 


іне) = | ха 


0000, W z+ БД МУДДОДОО0 ДО000000000000 wz+ 20000 МУ, 
О0000900000000 ми, 000 w, 11110119 211111 
def 
a, = [wı,12, 1,22, °° , Wisize ON, a+ b 000000000=е 00000,00 


(sizer) 


д0КС)ППППППУ! =)... fm 


6.2 ШЇЇ 


ОО0О0000000000.900000000000000000.000000000,.000000 
ОДООДОО00000000000000,0000000000000000(ехріоаїпа 


дгааепї)0000(мапіѕћіпо gradient)[] 


NOUO, ОДООО000000000000000000 (gra d ient. clipping 11 
L<UUUUUUUUUUUUUUUUUUUUUUU 


UUUUUUUUU'UUUUUUUUU'UUUUUUUUUUUUUUD 
(packpropagation)UUUUUUUUUUUUUUUUUUUUU,UUUUUUUUUUUUUD 
UUUU40UUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU OUL 
ОО0О0000000000000000000000,000000000000,.00000000000 
ООО0000000.0000000000000 


ШИЛ 00000000000000,000000000,1)00000000000000 
О0000л0000,00000(000)0000002000000000000,0000л000000 
ОО000000000000000,.0000000 


ООД0.000000000000000000000000С:000009000000000000 
0р,00весо05Т7Мм(00000000,ОО00000)0000000000000 
(residual neural пебмог 1 1 1 1 (кір connection), ПООООООО 


ШИШ 


00, Ий Е  ( ! Ши Ши ЇЇ 
ОО0000000000000.000000000000, О000000000000000000000 
ОО000000000000000000000000000000000(һ'ааеп layer)L] 


6.2.1 ПШШ 


0000000, МЕРООООООООО000000000000,00000000000 
(512е/+1):512е ПОО(ОП W 000000000, ООПО00О00000000000001 
ОООГПППГП 0000002000000000000000000000000 


(computationally intensive)[][l[] 


Lm mn. PI 00000000 
При ntractable)[] 


111111 11 (Сопмуо!н юпа! Neural Network,CNN)LDUDBLLEL 
FFNNUUUUUUUUUUUUUUUUUCNNUUUUUUUUU,UUUUUUUUUUOUUDU 
CNNUUUUUUUUUUUUUU,UUUUUUUUOUUUDU 


UUCNNUUUUUUUUUUUUU,UUUUUUUUUUUUUUUUUUD 


UUUUUUUUUUUUUOUUUUUUUUUUU:UOUUUUUUUUUUUUU UU UO 
Ши ШИШ 


ООО0000000000000000000000000,00000000000000000000 
ОО00000000,.0000000000000000000000000000,.00000000000 
ОО0.00000000,000000000000000000000000000000000000,.00 
ООСН ООО ОООО ООН 


ОО0000000000000000000,00000000000000000000000000 
000 ( раєсиу "000, Об00000000000000.00000000000000000000 
О0000,0000000000000000000(раєегп)000,000000000000,00 
ОО00.00000000000000 


IJCNNI[J, О00000000006.1000.000000200000203000000000 
ОО000000000000079х Г000АР0000,п'єегорО00)000000, 2000000 
ООО0000000000000,10000000000000000000000003 X 300 
(0-3 ООДООД0Д00000000Р(00, patch I II): 


ОО0000000000000000000000000(000000)0000000000000 
ЗзхЗПООООАООООООООІООООООООО, О0000000000000000000РО 
Р П0(сопуоіийоп), АДРООООООООООООООООООООО,О000А0: 

| 


) 3 0 


ООДОО000000000000000000РОР0000000006.2000 


overlay | 2 d 1 sum 四 


06.2 ШИШ 


ОДОДОО0РОООО000000, 00000000: 


"1400 
Р = 100 
111 


ОД ООРО0О0000000:500000.000000000070007000.0000000 
ОО000000,00000000А000000006,000000(0000)0000000000 


ООСММОДОДОООООООСОДО000000),. ПЕРММИПП EET ALI 
(00)0000000,.0000,0000,0000000000,.0000000000000 


06.ЗД60 0О0О00000000000000000 


_ юв Га |, | Жез " gau 





06.3 0000000000000 
ОО000(0000000)000000000000,000000000000000 


HUD, О0000000000000000000000000 00000000кесорррособ 
ОО000000000000000 


О0000/00П51ге 9000 ООО000000000512е 000, ОО00000000 


ООСЄМ МОДООДО0000000, 0/41000/0000005іге 00000000000 
О00000000(моГіоте),П00000000000/+ 1000000000000000000 
ООО0О000000000000000000000000 


LILI ОДОО00ЗО0000000000006.4000000000000: 
[-2:3+3:1+5:4+(-1):1]+[(-2):2+3:(-1)+5-(-3)+(-1):1]+ 


[(-2)-1+3-(-1)+5:2+(-1)-(-1)1+(-2)=-3 


未 经 非 线性 转 
换 之 前 的 输出 
































06.4 DUOUUUU0U030UD0 


UUUUUUUU,UUUU300U4RUSUB)UUUUUUUUUUUUUUUUUU,CNND 
0000000 





ОДО000000000(5спае)000(радаїп9)0006.0000,.00002.0 
ОООО0000000000000(сеї)0006.50.0000000000002000000000 
ОО00.000000.000000000 


п. м 
HE: 


тео Е | Ір 
4 à ЖШ 卷 积 3 广 






06.5 0002001 


О00,0000000;0000000000000000,00000000)00000000000 
О0000000000010К6.30,0000,.0000000000000000006.60,0002.П0 
002, ОО0000000002 00000000. pan nn; aaa nmm? n 


滤波 器 


填空 为 1 的 图 像 ee | 
Быны. ТАГ 


een 
0 ..... 7 ``. 
3 I Lš QU 
- - 
~ S 
~ 
~ 








06.6 [H2 dii 


06. "ОДО000200000000000000000007 00700000 






























































06.7 0002001 


00, ОД00000000(рооіїпа) ОДДОДОЄМ МОДООООООДО000000.0 
ООО000000000000000000.00000000000000.0000000000000,.00 
00000 паху) 000( амегаде) ШИ О000О000:00000000000 
06.800,.0000000000000000020 


">. 
- 
-.... 


"a 





16.8 00000020000200000 


00000. 0000000000000000.000000000000000000000.000 
ОО000000000, 0000000000000000000000 


О000.0000000,.0000000000000000000000000203,000020 
Ши, 0000000.0000000 


О000,00000000000000000,0000000000000,00000000‹00 
6.800,.0000000000020,000000090 


6.2.2 UUUUUL 


П00000(Кесиггепі Neural Network, АММУПОДОДОДООДОООО 
О0000000000, 00000000 00000000000000000000000000000 
ОДОД0О00000000000000000000000000000000000000000000 
0000090 


ЕМУМОДДО0000.ООООД0000000000000000000000,00000000 
0000000 


ОО000000000, О00000000000000.00090000500000000 
(state ШИР, ОДОДООО0000000АММД0 ОО00000005000000:00 
ae 0Д000000.00000900000000000 


О0000000,000008МАПО0000000000(00)00000000000000 
ОО00000000000 


О000006.900000000000,О0000000000.000000000000000 
0000, 000000000000000ХУ РР «Т хо, xf Xi,..., ез 
1, length ДООООДОД0000000000Х00000,0000000х'000000000 
[], t—1,..., length] 


第 1 层 yi 
hi—[hi i А2] 
тео (Й Й кс) 














hh, №] 
y;—=g,(V,hy+c;) 


(2), 
x 
x'—[x0 x] hı [1,2] 
hii hi gw, xu, hr'+b, 1) h; gi, itu; h; '+b;,) 


x'—[x0 хом) hi—[hi hi2] 
ћу hi e—gi(w; xu, ;h ГБ, 2) 21 Л525-81 (w..hi+u,,h; !+b,,) 


06.9 ППЕММПППП 
ООО00000000000000000 


0106.900,08ММП,П000000000000000000(0теѕёер)0* 0 
О"ООО0'00000000000000000005 ann [e pn end «prag; 00000 
ОДОО000000/- 000000" ОО000000000610000000000000000 
00000 ми, у w, 000006), onau. 0000000000000009, Dn" « 
П000000,0000апАб000009:000%'0000000,0000000/0000007, 
ООО000000000920000000,95000000000000000000.00000000 
^i. "rng" «png V |n nr С, 111 
softmaxq[Jj1 119»: 


0 j) def жеу exp (20) | 


, def (1' (D) e ехр (2 2 (К) ) | 
| k—1 


с(2) —|o' ,0 ПП 


Г) 


MIN isa 
зойттпахПДО5ідплої дО ПОДОД0000000000000:171 ev = 1 (rl 
Jio 0n 


Dn nn М000^'000000000<0000000000000000 
ОДООО0О0000 У 000С:0000.0000000000,00000000000000000000) 


000000000 ми, „а; u Ој» Vue, 00, ОДООДОООДОООООДОДО0А N NO 
ПООО00000000—==00000000(баскргорадайоп through 
time) 


Сапи[5оГетах ПДОООДОО00000 О000000000008ММОДО000 
Ши 00000000000. 0000000000.00000000 


В ММОДОООООООО000000000000000,00000000000007 0070 
ОООО000000000000000 000000000000000000000.000000000 
ОО ОО00000000000000000000 


ППППИИПИПИПИПИПИПИКММ(дагеа АММ)00000000000Попод 
short-term memory, |ЗТМ)00,п000000000(даїеа recurrent 
unit, GRU)DOD0O 


ПАММОПОО0 (9 аеа unit) Dni 00000000.0000000000000 
ОДО00С5000000000000000, 00000000000000000000010,1)0 
ШИН DO 000000000,.000000002000000000 


ОООО00000000000000.90000000000000,0000000000000,.0000 
ОДАММОДОООО000000000,0000000000000000000 


ОДОД0О000000,.00000000000000000000000000,000( зате) 
ОДОД0О00000000000000000000000006 RU (minimal gated 
САО) ,П000000000000000 


ПООАММО00001000000000000)00000006АОПО000000000 
ОО0000  Об0000000САУ005000000:00000000000000й2 0000 
ПОоож О0000000000000с:000000000000000)0 

hiw < (илаа + ura hi + bis), 
Гі у < go(mu um + Орд” + au), 
noc ао n 

hi < [hiis Мае 


y; — ga( V ih; t Cu) 


er 
RIPE 


Ш..9:Ш ап! 0000, 920000 (дәге function), 519га0 8 Ш 
о(0,2000Г, ДО0000.000000000000007 `(0000000,00Г,/00001 
0, ОО0000000000"1-00(О00000ЗО00)0000АММО0, 93  воёлтах 
000 





ООО0000000000000000000000000000000(09епіїу 
function, х) = х)О000000000000,000000000000000000000000 
ПП 


URNNUUUUUUUUUUUUUUUUUUUUbidirectional АММ),ДОДООД 
(аїсепіїоп)ОДОД000000000000000О(5еамепсе-іо-5едиепсе 


О 000000000000000000000000000АММОДОДО 
ПОООО(ВесигмеМечцга Ме ћмогк) | 


[1] П0000000000000,0000000000,00000000 
(21 ОДООДООД0О000000000000000000, кефсоррорр000 
[3] ОООООД000000000000000100 x 100000,00010 0090001 


[4] ПООДОООД000000000000000000, 000000000000000000000 
ОО000,.0000000000000000000000000000 


[3] 00000,.06.6П0000900000000000 


171 0000000 


7.1 [| 


ОООО0000.00000000000000,00000000000000,.00000070000 
ООО0000000000000000000025» 9/5, 00000000000000000000 
О000000(теап squared error, MSE), ОДООО00000.00000000000 
Пил, waD pe Op OE ECC ООООО0О00000000000000.00000020 
(02-3)0. О0000000000000000 


ООДО00000000(поп-рагатеїтіс method ШИ. 00000000 
00, ОО0000000000000кММО0000)00000,00000,0000000000 





LU; = 


Га) = L Yup 
4 Ч re і , ГІП 


(7.1) 


DOK e Ши кегпей ШИШ ШИ эх ХОП, Ши Ш 
ПОПОВОВОВОВО ШИН LL (зачзз!ап)0: 


1 „а N 
К (2) = exp | 5 J 








07.10, 000000. 0000000000000СХ00000800000,.000000000 
ЦПОМ5Є)00007.1,0000б00000000000 


301 30 
— р= 3 = b =0.5 

















-4 = 0 2 -4 = 0 2 
We BR 稍微 过 拟 合 
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强 过 拟 合 


07.1 ООООДОЗОД008000000 


О0000000000000,07.100хгх0хгхо00000000001жхғх11011ж 
x||Ll 


7.2 ПОПОВ 


ОООО00000000000000.9000000000000000,.0000000000000 
ШИШ 


О000000,00000С000000:уЄ11,...,С30000000000000,0000 
ООО5УМОДООООООООО0ОО00019 3 ООО00000000000000000 


Пра = Priy; = cE) = 15| 3 y 


{ylit y) ES y=} 


00, eC Lee 1 1,...,С5,50000000000 


00000000, ОО $ том 08 тах TL ООООО00000000060 
П.ПИППППойлтах [Ll 


kN МОДОДО0000000000:0000000х000Х000,0000000000,.000 
ОО00000000 


2vMUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUD 
ОДОДОО00000000000.000000700000000000000пе versus 
ге5і)ПОО000 ОО000000000 Є0000000,.000 Є00000000000,00000 
ППЗЦППЦУ©Є+ 1,2,3 .ОО000000000000000000000000.000000000 
ОЗ ОДО00000000000000.00000000200000000000000000.0000 
ООООЗОДОООО000000000.0000030000000,0000002090200030П 
ОП 


ПОЗОД000.000000000х00000,.00000000,.0003000000,.0000 
LL (the most сегёаіт)П00000000000000000,000000000000‹9 
ШИ! 
(certainty)LJLlSV MD, ПДОДОДО0х000000000а 000000: 


def wz + b^ 


d£ 





а | 


ОО000000000000000000.000000000000,00000000000000 
OOL 


7.3 ШИШ 


OOO О0О0000000000000000000 00000000000000000 


Д00000(0пе-сІа55 classification) 1 1 (ипагу 
сІаѕѕійсайоп)0000(<Іаѕѕ modeling ШИШ Ч. 
11111101 0111 о ооо 11110111 01 101 1 НИ НИ TIIE 
0 ОООДОДО00ДО00000000000000000000 ОС0000000000000000 
О00000,.00000000000000000000 ОООО0000000000000000000 
900000 (ои ег detection,anomaly деќесїйоп)0000(помеіёу 
detection)[] 


ОООО00000000,.000000000(0пехсіаз5 Gaussian E KD 
kNNUUUSVMD 


UUUUUUUUUUUUUUOOOOUOUUOUUUUUOOOOOOUOOOUUODD 
(multivariate normal distribution, ММО),ПОООЛОММОоООООПО 


(probability density function, pdf 1 1 


ехр (—+(: 一 pits (m— pe) ) 


fa gl) = == 
ë (ar) |5 


00, fu, я С9ДО00000х00000000000000000000х0000000000 
ШИ, ОДОММОДОО00000м(0000)02:0000)0000000000000000000 
[(maximum сейпооО 0 О0ОДОД0000000)000000000000 
25 det  ПППЯШ (4аеегттап 511151 (і пмегз5е)б 


ОООО0000000000000,.0000000000000000000,0000000000 


UUmatrix #ћеогу)О000000000000000000000,0000000000000 
ПП 


UUUU,UUAOUUUUUUUUUUUUUUUUUUUUU2UUUUUUUUUUUUUU 7 .< 
OOOD, 00000000000000000.00000000000000 





0) 
хі) х 


(а) (b) 


07.2 0UUUUUUUUUUUUUUUUD 


П:(а)000000;(0)007.2(а)О00000000ММоЦ00 


О0000000000004021,00007,, х хО00000х0000000000000 


000000,000000000000:00,0000000000000000000,.000700000 
(educated guess) [ILL] 





ОО000000000000,0000000000000000000000(0000)000,00 
ООООО0000000:00000001 080202 000000000000000000000000 
ООО00900 000000000000000000000 


UUKUUUUUKNNUUUUUUUUUUUUUU:UUUUUU,UUUUUUUUUUUUUUU 
ОПО00000000000000ко00,00000000Ҝ00(к-теап)0000000000 
ох LE a oO до ИП ИП 000000000асор00000,.0х000000 


ПОУМ 0000000, ОООДОСОДООООУ00000000,.0000000000000 
П.ПППИПИПИПИПИПИГППОГПГІпурегәрһеге ДОД000000КММГО, 
О000КО00005%МП0000,00000000000000 


7.4 UUUUU 


О00000,0000000000000000000000000000(ти!- абе 


classification)[] 


00,0007.З0000.000000000000:270770770070 





07.3 ОО000070770707007000 


ОО0000000000,.000000000.000000000000000000000,.000 
Ши ГО 0000000000.0000000000000000.0000 
О 11 111 01111101 11 11 
ОО00000000.00000000000000000000 0000000000000000000 
ОО0000000000 


О00,00000000000000000000(00000000000000)00000000 
Ши НО 0000000000000000000000000000 


ОДОДО000000000000001пагу сго5$-еп гору) III, 000000 
О0000000000,0000000000,00051іютоі0000000,0000/0000 


(у;40,1}),10/=1,...,20/=1,...,М0000х0000/000%,00000000 
|]: 


-4 y; iln | Wi +41 — Mi. ) n (1 — il )) 
10111111 11111111111100111111 11 


Ши 00000000000000000000000000000000000 
ОО00000,.0000000000.000000:00000000000,.01000002000000 
ШИНИ 000000000000000000000,.0000 





LILI ОО0000000000,. 00000000001 0600000000000000000.0 
ОО0000000000,.0000000000000000000000 


Ши 00000000000000000.900000000000000000 
Ши 00000000000000,000000000000000000.0000000000 
ООО0000000000000000000,.0000 


7.5 ШЇЇ 


ООООЗОДрОД00000000000000000000000.00000000000000 
ООООО00000000000000000000000000,.0000000000000000000 
[IILI IL (ensemble Iearning)[] 


О00000000000,0000000000000.00000000000000,0000000 
ОДОД0О0000000000000( пеба-тоаегї) 


00000000000000(меак !еаглег)00000000000000000,000 
ООООО00000000000000000000. 00000000000000000000000000 
Ши, 00000000, 0000000000000000,00000000000 
ООО00000000000000 


Ши, О00000000000000000000000000000000,.00000 
ООО000:00000000000000000,00000Хх0000000 


О0000000000000000(рооѕіїпо)0000(радоіпо)0 


7.5.1 ШИШ 


ООООО0000000000000000000000000000000,00000000070 
П ОО0О00000.0000000000000000000000000(епзептоіе 
ппоае!)0000000000000000 


UUUUUUUUUUUUU 00" (0000000000)000,000000000000000 
О0000000,00000000000(гапаот Тогез )000000000000000,00 
Ши 


7.5.2 ППП 


ОО00000000000000000,0000800000566=1,...,8),105100 
О000000000%10000051,00000000($атрііпо with 
геріасетепО000,000000000,00000000000000005ь,000000 
00000000000000,О0 | 5 | = M00 


00000,0000800000000000,000х0000008000000: 
ха зано 
y«—f(e)— 52. ћ (а) 


ОО00000,.0000000 


ООО00000000000000000000000000000.0000000000000000 
ООО0000000000000000:000000000000000,0000000000000000 


ШИГ OU 0ОО0000000.000000000000000000000000000000 
ОО О0О000000000000 0000000000000000000000000000000 
Ши, ГИ TC TET TOEIC] 


ООООО000000000000Б000000000000000 


ООООО000000000000000000009000.00000000000.000000 
000000 (variance) ПП EDIDIT Co verfigti g ПП ППТ ИІП 
ШИГШЭЭ 00000000000000000000000000000 
ОО000000000,0000000000000,0000000000000000000000000)0 
ОО СО000000 9000000000000000000000000000.0000000000000 
ULL] 


7.5.3 НИ 


00000 (radient boosting) ОДОПО0Д0000000000000000000 
ОДОДОО0000000000000000.00000000007- %00(00103000): 


00, ОДООО0000000/е1,...,МОДО000000: 


у; < Ua — 1 | (ас, J 


ПО, 0000(гезача!),000х00000 


- 000000000000000. 0000000000000004 000.0000000 
fË fo + ofi прапоооокооо о 


000,0000 7. 2000000,.0000000000000000000000,00000000 
000005, 00000000) = fo + ofi + a fu, 000000000000000M] 


ОДО000000?000000 О000000007000000000000000000900 
ШИ  ! Л  . 
ОО0000000, 
П)П 


ОООО000000000020040000000000.00000000.00000000000 
ООО000000000000000,.0000000000000000000:0000000000000 
ОДООО000М5ЕПВОООООООООО00000,.00000000000000000000010.0 
уЗ000000000а ороооро000000000000000000000,.00000000 
П:000000000000,000000(00)0 


ООООО0О000ЗО0000000000000000000000З000000000000 
ООО0000000000000000:000000,.00000 


ОДОД0О00000000007600000000000000000000000:000000 
DUCUM TL 
Ши 


ОДООДО000000000000, 0ОО00000000000000.000Мм0000000 
ОДО0000000000П5і9ппоїад 0, 00000000: 





ВЕ.) ан | 


f (a) = Жел 
LlLl, ү? ' fm 000000 


ООО, О000000000,000000000000 
Ly = -У ри Wi = во || 

i=1 О'000,.00000000,000000000000,.000000 
000 


| 1 N 
І-һ---- РУ уд 
ЧО, О000000000 !->Р ^ E ПИ 
ідо 10000)000,00000т0,0000%200000000000% 0000 


/-1,...,М ШИШ Ш 0 97: 








dL; 
б; = 4 | 





00, 00000 ПППППИПИПИПИПОЬПИПІПІПІРГ( y 1| xz, f) JL 





def 1 
= ln 
fU im [Pr(y;— 1| x,,f)] pee ЈЕ ШИЛ 
1 
П0,0000000,0000У0000000009,0000000000000%000000 
ОДО000000О0 m: 


Pm *— arg max рр, 
р 


ШИШ 00000000700001 fs 


J 4 f + Срт | m 


Llrn— МО,0000,000000017) 


О 000000000000 
О00000000000000000000,.00000000000000,.000000000000,.00 
0000000 


7.6 UUUUUU 


ОООО0000000000000:0000000000000007000000000780000 
ООО0О00000000000000000000000000000,.00000 


0000 (seguence !абе!п9)00000000000000000000000000, 
Doo00000000000000(X “ров, X0000000, 0000000000 
(timestep); УДПООООО00000, X00000000000.01“0" “ПП” “ПП” 1, У 
ППППППППГ(раге of speech), 0i“ 000” ^ nm" “00"10000000000,00 
0000, Xo... 2: 7 1000, size 00000000, YU s...) 1 
у={1,2,..., СН 


ООДАММОДОД000, ИШИП ВАМП 
000%", 0000000000000000 (О00000)0У2«ОО0000000)0 


00, АММОДОДО0000000000000,.00000(Сопаїіопаї Random 
Field, СВОП ООООО00000000000000000,00000000 
0000000(патеа entity extraction) 0000000000. pe 
ІП“І go to San Francisco" (ПОП) 100000000000000 {00 


(location), (name), ПІ (сотрапу name), Со ед 
О000(000)000000,0*00000000000”* 0“ 00000000000" ,00000000 


ОО0000000000000 
ا‎ [и] 
г. 


Er ШЫ t 
21 






| | X ЈЕ 


ООО00000000.000000000000000 


CRFUUUUUUUUUUUUUUUUUUUUUUUUUU,UUUUUUUUUUUU,UUUD 
UUUUUUUUURNNUUUUUUUUUUUUUUUU,UUCRFOUUUUUUUUU4UUUUUU 
UUDUOUUUUUUUUUUUUUUUUUUDD 


7.7 UUUUUUU 


[1000000 (5едиепсе-іо-5едиепсе Іеагпіпд,5ед25ед  Ш 
П000000005еа2ѕеап, X0 ҮП00000005еа2ѕеапо00000000(000 
ПО000,00000000000)00000(0000000,00000)000000000000 


000000,000000000 5еаг5еацдр0000000О5еаг5еардрдоо000 
П00:00000(епсоаег)000000(есоаег)[ 


Пзеа 25е а ДОД 00000000. 0000000000000А ММ,О0000 
СММООДОО0000000000000000000С(0АММОДОДО0УОДО00000000 
ШИ 
О000000000000,00000000)0000000(етреаато) 


ОО000000000,. 00000000000000000000000.00000000000 
ОДОО0000000000,00000000000х990000005'агі of sequence) 
(co) cn yen anan “naa ag y'n 
п0000х000000,000У°0х200000;00,00000000000000600 
П,АММО00000000000000:0000000000у°,0000000000000х°0 


ОООО0000000000000000000000000000000000 





0000ОП5едг5еар)р0007.4000000000000000000(абепбіоп ПП 
ОО0000000000000000,000000000000(08МҸ,0000000000000 


ОДОД0О0000090000000000000000000000АММ00,О00000000000 
OOL 


编码 器 | 解码 器 
| П fait beau 


00900-9968 


The weather is fine | < 开始 > 


[= 1 2 3 4 : 1 2 3 
07.4 ПППППвеа2зеаПП 


0:00 ОрООО0000000000000000.40,000000000000000 


07.5000000000005едг5еа000 





07.5 Д000000О5едг5ед 0 


seq2seq[ ПОДООООДОО0000000000000000.00000000000000 
Ши 00000000000, 0000000000000000000 


7.8 [|| 


UUUUtactive Іеагпіпто)000000000000,0000000000000000 
ОО00000000,.000000000000, О00000000000000000000000000 
0, О00000000000000,.00000000000,0000000000000000000000 
ПП 


ОО00000000,.000000000000: 


• ШИШ 
° ШИШ! 


О00000, ООООООД0000000007 ОООО0О00000000СХ00000000, 
О00000000)00000000000х0000000:000х) 000070000000х00 
ОДОО0000.00000000070х000000000000005і9ппоїтд)000000,.00 
О00000.5,0000000005%Мр,000000000,00000000 


ЗОО0000,0000000000000000: 
Нгіш)--- > Pr (te). f (а)) In |Pr (yt. f (а) } | 
c=] 


00, Pr (У; ях))ДД0000У9000х0000000000,000000 


y 9,f y ?)-c 000000000. О000000000000/000000У9 f у(9)- 
00000000009 EDO 


ППХПППППИППППКОППИПИПИПИППППОПИПГГОП 


ООО0000000000000000 900000000000000000000,. 00000000 
ОО0000.0000000000000000, ОО00000000000000000000000000 
О0000, ОО0О00000000009000000000000000 


ООО0000000000,О0000000000005УМО0О00, ШОН 
OOOD, О000000000000000000000000000,.000000000,00000000 
ОО00000000000(00000)000000 


Tx 











ОДОДОО000000000000000,.0000000000007 000007 (query 
by committee)UUUUUUUUUUUUUU,UUUUUUUUUUUUUUUUUUUUUUUU 
ООО0000000000000000000000 


7.9 ШИШ 


00000 (semi supervised Іеагпіп4,551)0.0000000000000 
ОО0О00:00000000000000000.000000000000000. 000000000000 
0000 


LILI ОО0000000000000,.0000000000000000000,0010000551 
000000(5еї?-Іеагпіпт9)ПДОД000.00000000000000000000000000 
N, ООО0О000000000000000000000х000000000000000009.00000 
ООО000000000000.000000000, 0000000000000.0000000000000 
тш Ши 


ООО0О0000000000 11101001 11101011 ПП 11 11. 
ШИГ ОООО ООО ОС, ОНЧО 


О0,000000000000000000000000,0000000ММ5Т(0000000 
000,.0000000000009), ОООО00000000000000000200000000 
10000000)000000000000000ммІ5Тр00000070 00000000060 
00000000,10 О00ДДО0О090000000000000000000000 Fa d d er 
пейуогЮ ПИГ 


ООО0О00000000-000000000000000000,.00000000000,.0000 
LEO УО000000700002000х000000 


ОО00000000,000000000000000,0000000000(0оепеск 
Іауег)П00000000000000;00000000000000000000000000000 
ОО000000000,. 003 00000000000ММІ15 ТО0000000/.6000000000 
ОО00000, 000000000000:00000000900000000000000,0000000 
О000500000)0 


编码 器 


х bs — —& 
07.6 0000 
О00000000,.0000: 
1 i ， 
N2 | ав =] (2; ) || 


0D, же foc ШИШ 


ОДО000000( депоїзіпд auteencoder) Ши 
ОООО0000000000000000.00000001000000,000000000000000 
(normal Gaussian noise) 000000x00000. man 00000000: 


. Р ^ 2 
( 1) 1 | | —H J J 
п eo exp | - | 
го 3.2 
т AT 20 


00, ~000000“ Т .0007 ,100003.141 59....00М000000000000 
П000х%, rx! + n? 00000 








1 ИШ CIC 
соёглахї ОПО)000000000000000000/00000000000/0,007.0000 
ООООООО 2 ga 8) 8 07 
ОО0С0ОДО00000009000, ООО00000000000( minibatch се 


Су» у AC 
gradient descent with раскргорадайоп) 000000, I-1 


(00000000000) 00000, ПОДА ДОДОДОД000000-00000000000000 
ПП 


ШИ UUD 
LIII 0000000 


ООО000000000000000000 





ШИ ии ( EIE S  ) T 
ОО0000000000000.000000000000000000000 


ОД00000053МУ М, П05УМОДООООО0 ОО000000005УМО00, 000000 
ООО00005З3УМОДООООО000000000000000000000000 


7.10 [I UI) 


Ши RETI CIC TET TEIL TC III II 


О00000000000пе-зпої learning), ПОДОДОДОДОДОДО0000,.000 
ОО000.О0000000000000000000000000000000000.000000000 
ШИЛ Ч 


ШИН 00000) 
ООСО000090000000, 0000000000000000,000000000000000000 
ООО0000000000000000.000000000, 000000000000000000000Ш, 
ОО00000000000 


ООО0000000,0000000000(51апезбе Neural Network,SNNLl 
UU>NNUUUUUUUUUUUUU,UUUCNNURNNUMLFUUUUUUUUUUUUUUID 
UUUUUUUUUUUUUUUUUUUUUUUUUOUUUUUUUUUUUUU OUUU O OUD 
ОР.О00000000000000 


UUUUU>NN,UUUUUUUUUULtripiet Іо55)ДО00000.0000030000 
ООООО0:004АС009000РОООУ000/М00)000,4П0РОООДО000000М 000 
О000000,000000000000(А, Р„ МП 


ШИ 
10: 


шах (1А (A) m Ї (РАЙ ш ІТ (4) ЕЕ ij (Ni ЇЇ та, 0) 


(7.3) 


000000000000000: 
а тиг” DD" 
3 max (ПА (А) — f OI — || Г (40 FN) + a. 0) 
00, «0000000000000, 00000040 P0000000. 1 А)-Җ Р)||2ПППП 
О0з000000000000000000.7 (4) — £ см Гроооооооооооооо, 
m = if CA) — f (PDI П (А) f Cv aeu 00000000000000 
подоробо000а0, 0000 00000, 00000000000000000000000000 
[77000,000090000,00000000000000000 


ОООД0000000У  ООО00000.00000000000000004А0Р0000000 
ОМОООО0000 МО00000000,. 00000000000000000000000000000 
0, ОО000000000000.00000000 


О00005ММ, ОООО0000000000000,.0000000000, 000009 N NLI 
ООО000,.000000000.00000000000040Р20/У00007.З0000000000 
ООООДО000000.000007000000000000000000 


000000000000. 0000000000000000000000,.0000000,0000 
00000000000000“ 00000” minm nmm na nm nmn. nnm m nn 
ОО00000000000,000000000000000000,000000000000000000 
f (А) — f 


30000, оооооовАо 4оооооооо,оо0ооо (4) шиш 


ri] 


7.11 10000 


О00000000000000(4его-5ћої Learning, 25 )00000000000 
Ши, 00000000. 0000000000000000000 
БЕНЕН ОДО0000000000000000000000000000000000 





LILI О0000000,00000000000000000000000000007 


ООО00000000.000000000х. 0000000УЧ00000000000.00000 
ОООДО0000000000000000:0000У0УХО0000,0000000000000000 
П.УДШДРаг1 540) уд ]Reme( ED ОО000000:0000, Ду Пробабо (0 
D yy werd embedding) ШИШ LI! 
Ци 


О000000, ООООДОДОб000000000000,000000040(000000.0 
5003000),0040000000000:000(апітаїпез55)0000 
(abstractness)LlLlLlísourness)LlLlLlLI(yellowness)LlLlLlLILI, ПрОрее (| 
ШИШ 1,0,0,11, Цуед ом 0111 0, 1,0, 1]; UUUunicorn(L 
00)0000011,1,0,О010000000000000000000000000000000 


ПП ООО000.00000000000009000У/ 00000000, 
ООООД000000000х000,.0000007 ОС0000У000.0000000000000920 
Ши 


ОО000000700000(2ебга) 00,0000000000000000000000 L 
(clownfisn)OUUUUUUUUUUUUUUUUUUUU30UUUUUUUUU CNNUUUUUD 
О000000000000000000000(&оег),О000000000000000,СМҸ0 
ОО000000000000(татта!пеѕѕ)0000(огапоепеѕѕ) 00000000 
(ѕ гірепеѕѕ)0П0000000000000000000000,000000000000000 
0 О000000000.000000000000000000000 


111 001000, 0000000000000000 


81 0000 


UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 00007 00000000 
000000, О000000000000000000000000000000,.000000000000 
ПП 


8.1 UUUUUUUUU 


О 0000000000000000000000.0000000000 
1 СЭ 
margin) Ц5УМ, ООДОООООДООООО00О0О00О000000000,.000000000 
ОО00000000000000,0000000 


ЗУМПОДООО000000,00000000000007007"000000, 00000000 
ШИ 19! TCI] 
ШИШ 


ОООО00000000000000.0000000000000000000,007 007000 
О00000,.008.1(69000 





08.1 0000000000 
Ca) ОДО0000000:0609000000000000 


LES МОООООООООООО00000000000000000000000000000 


О00000000000000,000000000000(оуегѕатрііто) 000000, 
ОО00000000,.000000000 


О00000000000(чпаегѕатрі!іто),ПО000000000000000000 
LlLl 


ООДО0000.0000000000000000,.000000 О000000000000000 
ООООДООО000000000000000000О(5упіпебіс minority 
oversampling їесїїтїадие,5МОТЕ)) 1 (адаріїме 
synthetic sampling method, ADASYN)[] 


ЗМОТЕПАРОА5УМПДОООООДО0О0О0000000х ОООО0000К00 
ПП ПП) UD xz (ж, -ХОППППППП Хадам Ш.Х. > .00000000000 
О00000000000А0000010000000 


2MOTEUADA>YNUUUUUUUUUUUUUxDUUADPA>YNU,UUUxUUUU 
ОД0005«000000000000000.0000000000000,0000000000 


ООО0ОО000000000000000000000000000000000000000000 
LlLl 


8.2 (ПП 


ОО00 00000 0000000000000000000000000000000000000 
OOOD, ОО00000000000000000000000000000000,.00000000000 
ПП 


ООО000000030:00Д(амегадіпд) ООО00( majority vote)UDU 
(stacking)[] 


ОДОО0О00000. 000000000000000000000,0000000Ц10( 5азе 
тоае!),000х,00000000000,000000000000000000000000000 
ПП 


ОО0О000000000000000000000Жх00,000000000000000000 
LIC О0О000000000. !! LT 


Ши ШИШ ШИ ШИШ 
00000%=[#, (х), 5 (ж)10%= y; ШИЛ 291 


ООО000000000000.000000000,.0000000000000 


ООО0О0000000000000000000.0000000000000 
ОО О0О000000000000000000000000000 


ОО0О0000000000 0000000:000000000000000000,.000000 
ОООО00000000007000 00000000.00000000000000000000.0 
ЗУМПОООООООООО000О0000000.0000000000005УМ/ОД0000000 
LlLl 


8.3 IL 


ОО000000.000000000000000000000000000000000,.00,.00 
ОООО000000000:00,.00000000(5сапаагаїге) ПОП (погтане)П 
[0,1 107 


ОО00000000000(000000,0000000000000)00000СМҸОАММ, 
П0000000000(опе-ћоё епсоаіта)О000000000000000000000,0 
О000000000000000000(%мога етреааіто)00000000,00000000 
ОО000000000000,000000(0000000)0 


ПОООООООО0ООООООО0000000000,05еа2ѕеаоо, 1000000000 
П,000000000000000000000000000000000000000000(6оодіе 
Scholar00000(Microsoft Academic)! "'ОПДОДО00000000000000 
аС0000000000000,0000006іёнию(о50000)00000000000000,0 
ШИШ 


OOOD, 00000000000000000000000,0000000000000000000 
ОООООДО00000000000000000009700000000000000,0000000000 
ШИН 


ООО0О000000000000000.00000000000000000000000,.0000 
ООО00000000000000000.00000000000 


О 0000000000000000000000000000000,.00000 
О0,000000000000000(000)00000,0000000000000,000000000 
О0000000,0000000000000(000),000000000000000000000000 
Ши 000000000000000000 0000000000000000000 
000000 


8.4 [|| 


ПОО0000,.00:12022000,0000000000000000000:000 
(агорочОПППГеагіу ѕёорріпо)05000000(баќсћ 
погпаїгаїіоп)ОДД00000000000000000,.000000000000000000 


ОО0О0000000000000000000.9000000000000000000000000 
ОО00000000.000000000000000000000000000000000000,.000 
ООО000000000000000000100,00000000000000 


О ОО0000000000000. 0000000000000000 
В 000000.000000000000000000000000000000 
ШИШ ИГ, ДОО0000000:000000 ООО0О000000000000000 


ОО0О000000000.9000000000000000000000000,000000000000 
ШИШ 00000000000000000000000000000(спескроїпб00 
ОООО00000000000070000000000000000000 


ООО0О0000000000000000000000000000,000000000000000 
ОО О00000000000 ОО000000000000000.000000000000000000 


ОДОО0О00000000000.000000000000,000000( d'a ta 
аџдтепёайоп)0000000000000000000,000000000000,00000 
Ши О000000000000000000000000000000,.00000000000 
Ши 0000000000000000 


8.5 [JII 


ООО0.000000000( пам пподаї)ДО000,0р000000000000,.000 
ОО0000000000000 


ООО0О00000000000000000 О00000000000000000000000.00 
ОО000000000,000000000000000000 


ПОДОО00000000000000 00000000000000С00000000000), 0 
О0000000000000000000000000,0000000001А, A9, 2000000 
[ HAL) £2), КЗ), МЛППППППОП КІ), 12) 13) 1), 82) ЕЗ). КАП 


ООООО0000000000000000000000000000,0000000000000.0 
ОСММДОООО0000. 000АММОДОООООООООО00О00О00000000000 


ОС ММОДОД000,ОАММОДОООООО000, О0О000000000000.00000000 
О0000000, 50 тах 5/дтом 01 
ШИГ 


8.6 ШИШ 


ШИГ 
ОО0000000000000000(000,&ао),О0000000000000000000 


ОО ОДОО00000000000 0000000000000000:0000000000,.0000 
ОО000000000000000,.000000000000000,.007007707007007000 
ООО000000000000000, 00000000000000000000000000 


ОООО0000.0000000000000000,. 009 0000000000000000000 
Ши 00000000000000000000000000000000000000 
о б000008ецо, рроборобб000 ПООО0000000000000000900000 
ОО0000000000000,0000000000000000000000005о#тахр000 
О0,0000000000000©(0000000)0 


ОО0О00000000000000000000.00000000000000000000000 
ОО000000000000000,00000000000000(0,1)0000у,0000000000 
үСг+(1-у) ©ПООООО000,000000000000У100 


8.7 ТП 


О000000,00000000000(гапѕѓег learning)UUUUUUUUUUUU 
ООО000000.000000000000000000, 0000000000000000000000 
ОООО00000 О00000000000000000000000000.0000000000000 
0, О0000000000000 


ОО000000000000000000000000(000)0000000,000000,000 
ООО0000:00000000000000000000000000,000000000:0000000 
00000000 


ООО000000.0000000000000000000000: 
(1)0000000000(0000)000000000 
(2)000000(0000)000000000000 
(З)ООООООО000000000000,000000000000000000000000 
(4)0000000,000000000000000 
(5)00000000000000*00"0 

(6)000000, 00000000, 00000000000 


ОО ООО0О00000000000000000000000000000.9000000000 
(ОООО000000009.00000000000000 


ОО000000000,.000000000000,.0000000000000000000000 
ОО, 000000000000000000000009000000000.007 000 


Ши О0000000000000000000000.0000000000000000 


ОО000000.0000000000000000000,0000000000000000000 
ООООО0000000000000000000000000,0000000007 00" 0000000 
ОО000000000,.00000000000000000,.000000000000000 


8.8 ПІП 


ОООО0000000000000000000000000000000000000000000, 
ОО00.00000000000 


LEID апаїузіз of аідогіћт)000000000000,00000000000 
ПППППОППВІО O поёайоп)0000000000000,000000000,00000 
ШИЛ 


UUUUUUULIUUUUAOUUUUU2UUUUUUUUUUUUUUUUUUUUUUUUUD 
ООДОДОСОРУуЄпОоПООДО, 0000): 


‚ def find пах distance(S): 
result - None 
max distance - O 
кої хі Зи 2: 
Ток x2 ân o: 
if abs(x1 - x2) >- max distance: 
max distance = abs(x1 - x2) 
result - (x1, x2) 
return result 


ОО0000,.0000000000500000,О0000000000000050000000 
0 ОД000.Ме00000000000сопрагізоп(0П0)Паб5 (00090 
аѕѕідптеп 0) 000000000000,000000000000000000)000 


5 №2 (10000010 сотрайзоп02Паб$[2Па$$19птепй 000000000 
[0000000000000,000090000000000000000(/№)000,000005,00 
ПП 


О0000,.000000000000: 


1 def find пах distance(S): 
result - None 
min_x - float("inf") 
max х = float("-inf") 
for х 18.5: 
11 xr < min. Х: 
min_x = x 
211 x > max x: 
пах х - x 
result = (max x, min x) 
return result 


ППППППП 0000000005000000,0000000000СУ000,000000 
О0000000000( m ore. eíficient)Ll 


ПО0000000000000000(роіупотіа)0,0000000000,0(А)П 
О(МУДО0000, ООМ0000010000020000000,00000000,00 
O(N’)0O0000000000000,0000000000O(log 0000 


0000000, 000000,000000000000(амоїа using loops 
whenever possible), ОДОООООДОДООДОООДОРУЄПОПООО, ОО мих, 
OOL: 


ı import numpy 
2 Wx = numpy.dot(w,x) 


OOL: 


1 WX = 0 
2 for i іп range(N): 
их += м[1] жх [1] 


0000, ОООО000000000000000000000000,.000000005е0000 
ПО ООДОООРУЄПпопО,ОО00000000х0005000,000500000000 
Ll ОО50000000000 


О00000Руєпоп00000000000(91с)000000000000000 
(паѕћтар)0000000000000(кеу-маіџе раіг)000,0000000000 
ПП 


ШИГ, ОО00000000000000000000000000000ПРУбпопі0 
numpy[Jscipy[lLlscikit-Iearn, ОДООООО0ДО00000000.0000000000 
ОООО00000,.000000( meth od ДС00000 


ОДОООО00000000000000,00000(9епегаєог) III LI LI I! 
OOOO, 0000000000000 


ОДОООООПРУСпопОДеРгойе робо p c ID TEL] 
ОО, О00000000000000,0000000000000000000: 


e [|multiprocessing ПО 
e ШРУРУЦМит ан ОДПРУЄПпОПОООДОООООДОДОДОО 


[1] 000:000000000000000 о 


190 Ши 


ОООО0000000000000000000000000000000000000000000 
OOOD, О000000000000000000000.00000000000000000,.0000000 
ОЗ000000000 


9.1 ШЇЇ 


0000 (Чеп$Ку еѕїтайоп)О000000:000000000000000,000 
ООО0000000000ргобабіїсу density function, рай 0000000000 
0000,.0000000000000700.00000000рат0)000000000000,00000 
Ш О (рагате  ) 1  ОДОДОДОДО000000( пиїбмагіате normal 
distribution, МУМ) ОДООДДОО00ДОД0О000000000000МУМО00,000 
О00000000000000,000000,00000.00000000(попрагатеєгіс)  Д 
О0.О00000000000000 


дб ennu nga 0000000раб007000/е1,...МОО 
0х=8000,00000900000%900550000: 


гээд 
fp ir) = — k| —— 
Ль (2) Nb 2, | b J 


=] 


(9.1) 


ПО, БООДО000000000000, КОО000007000.000000000 


| гү? 
М” l | —z" 
cl 2 | m NL EXD | j | 
. а dl 一 


00000060 000780000000/0000000000000000000( пеап 
integrated squared error, MISE)[][]: 








A Y 
MISE (b) = E | f, (fy (z) — f (z) ) dz 


(9.2) 


N 


009.20,00000рае 001 пи ЇЇ 
l 


[00,00000080000000%0 


ПООВОООВОС ОС (2) = 09 ,00000000000000000000&0000 
0060000000 ::000000000000,00/0000000000000000,0000 
pdf #100000(800)0000 


000009.200 0008: 
Е p 5 (т) dz| - 2Е p ћ Ur) fir) dz +E ЇЕ f(x) ат 


ОО0О0000000009, an a ma m pm anm nns fi (2) d; ПОООДОД00 


М 
2 2(1) | 


-зү а Љ Ма) | ду 
П0000 (сгоз5-уа аНоп)00 ^ > 00% paga. ppp xen 
бО00000 


N 
E ` ` П00ПО90О05ПО@еауе one out езіітаге пОДПОДО 


Joo00,0000(fold)0000000000000000,/# 有 (=) / (2) dmn 
010000, 00700П0рагоооробоорбро000Гаторопод 


000,0600006'00000000000: 


itc EY ff e | 


О0,О00000000000000000000х,09.100000х-х0000000 
Пе хА10009.10,0000100000030000600000рағо0000000000 
0000000,000000000000 "5 


1.0 1,5 2.0 2.5 3.0 


(d) 网 格 搜索 





09.1 00000 


9.2 [|| 


П0(січѕёегіто)О0000000000000000000000000000000000 
Ll  ОД000000000000.0000000000000 


ОО00000000. ОО0000000000000000000. 000000000000000 
Ши 00000000000000 


9.2.1 КТ 


КОС ко ппеап)ОДОДО0000000,0000Х00000( cl uster) LILILILILI, C] 
П00000000Хх00000,0000(сепігоіад)000,000000,00000,000000ХхО0 
О000<0000000000,0000000000000000000000000000)000,000 
ОООО0000000000000000000000000000000000 


ОО0О00000000000000. 900000. 90000000000000000000000 
ОО0О00000000000000000000000 


ОО000000000000000,0000к00000000000000к0000000,00 
ОО0О0000000000000000 


О0000к00000009.2000009.20, ОДОО00000070000000000000 
ОО00000000000000000000 





E = | 0 І 2 3 4 М 5 wl 0 1 2 3 4 


(a) 原始 数据 (b) Xe 





(c) ЖЗ 


09.2 Пк=зП,КО000000 


ШИ ЛЕ Ши 
ОООО000000000000007 0000007 .0000000000000000, 1011 
ПАП 


9.2.2 DBSCAN[]HDBSCAN 


ОВУ САМОДОО000000,000КООООООООО000000000000000.0 
ОООД0000000:е0п00000,000000000000000х.00000002000,.00 
ОобОр000хо0000000000е00000000007,. 0000еФ0000001200000000 
02000000,00000е00000000п20000е00.00еФ000000002000000 


ОЗ ОО0000000000000000.0000000000000000000000,.000000 
200000. 000000000000000. 0000000000000000Е000000720000 
O, О0000000000 


ОВ САМОДОО0 ОООООДОДО00000000000,кОрОООД00000000 
ОДОДОО0000000085САМОДОДОДОООД0О000,00000000000є000 
ПИ Пе О000000000000000000 


HDBSCAN[]TLILILILIDBSCANT TEL ООО0000Є0000000000000000 
ООО00000000000.0000000000000 


НОВ САМОУДОДОДООО0О0  ООДО0О00О000000.0000000000000 
НОВ5ССАМОДООДОООО:О0О00О0000000000000000,.000Кк000000 


НОВ5САМЦЦО0,000000000000000000000000000000000000000 
ППНОВ$САМП 


9.2.3 ШШШ 


А О 1 111011 111011 
ПО000000000000000000000000000,00000000,0000000000'0 
Ши 


LLL prediction 5ігепдїп)ОДООООО0О000000000000, 
ОООДО0О0000000.000000000000.000000/У,ОО00055О0000426000 
ПЭн ДО0КО0,055 И зе ООДОДО00 CHDI CC Se, О CC S KU 


ПАПППППППИПИПС(5, OU4AUUUUUUUUUUUUUUUUUUUUU,UUDD 
ОО0000Кк000000, 0000000000000,00000000000Х000010,009. 2 
OOL 


00,О000000 Мех №ПО00000(со-тетрегѕћір 


matrix) DLA, 5 ЕППППППППППППГ ОжУПАОООДОДО000, 
D|[A. S, 15) a” дові. S. je) - ОГ 


О0,00000000000000000000000000к00000000А000,00000 
ОО0000,О00000000000000000040 


ОО00000000,00К00000000000,00000<(5;, ЮООД00000000 
LOUC Se ЮООДООО0000000000.00Х000000000000), 00000000 
ОО00000000000 


09.3009.40000000000000009.4(а)009.4(0)000000&5, К) 
OOU CC Ste ЮО0000109.4(с)0.00000000000000000000,.0000000 
О000,0000000000000000006(А, 5,210000000,00к=40000000 





训练 集 


-2 0 2 4 
测试 集 


[9.3 09.40000000000 





-2 0 2 4 -2 0 2 4 
(а) 训练 数据 聚 类 方案 (b) 测试 数据 聚 类 方案 
6 


4 


2 


0 





-2 0 2 4 
(с) ЭЭС RE TIR Ју Ж 





09.4 дке4000000 


0000, КО00000000000: 


def 1 - 
ps (К) = mn ———— D|A 5; je 
Ll wee E |A; | (|А; — 1) 2 1 € 


114 Св» ЮОДОДОС ss. КУОДУООО 140004000000 


UUUUUUUUC2z К),О000000,0000000000000000000000000 
ОО0000000000К000000000000 





ОДОО00.000000000000р500000.8000х000х00)00200300400 
ОО000000009.5000 





ps(&) 

00 02 04 0.6 08 10 
ps(k) 

00 0.2 04 0.6 08 10 

Г a 
ps(K) 

00 02 04 06 08 10 


1 2 3 4 5 6 7 3 Ol 22 3 4 5 ЛЕ 91 2 3 4 5 6 7 8 
k k 


09.5 ДдОхурргадрзор4еррор000000 


ОДО000000.0кО0.00000000000000000000000000000Х0,.000 
ОООО00000000Р5 Cn 


О0000000000000000000(9ар statistic) 000000000000 
(elbow method)[| JULI (average silhouette method)|[ 1 


00000 


9.2.4 UUUUUU 


ОВБСАМПКОООДОДОО(Пага clustering), 0000000000000000 
П00(Саиѕѕіап mixture model, СММ)УДОДДОО000000000,00000000 
ПШ(тетбегвһір score) (НОВ САМОД0)0006мМмОДОДОДО00000 
ООДО00006ммо, Обоборборрррім мо) оробобо0м N ородо: 


К 


Їх = сэ Qifu, x, 


1-1 


00, Ји jp p MND /ПФПППППППППП/-1,..40ПИ)5010, 
900000000000(ехресканоп maximization algorithm,EM)|[ JI JLI 
(maximum likelihood)DDD 


О00000,00000000000000000:к=2000,000000000: 








" 2, 1 | |T — H1] 
fü |н; 01) = Жл 72 CAD — 292 
ме" 01 мэ 

Ка Dx 1 г — Но) 
[Eu O3) = exp 一 | 
v 2705 205 


(9.3) 
00, fo un Я x|u2, ФЭПППрағПпХ- хПППП 


ППОВЕМОО00 ит, 71,16,22,ф1$200900$1042000000000900008 
О0000,00000000 


1 
ЕМОДООО0О0000,0000м5 0°10450°20000,00$ = $>=2(0000 
1 


LLDIDBIDE фу = 1... ) IDA TU 








ПЕМОДОООД,ОО004000: 
(1)000/-1,....МУ0009.30000х0000 
2 3. 1 u OX — m)” 
Ај, о) < ЖОҒ" 20? 


; 19 
(Ti — Из) 





из, 03) — _ exp 一 


"EN. dz 
/ 2705 202 


_ (2)0000000(Вауез" Rule) 00000x; ПОООД000/Є «1,2 0000 
b (ДООД ОДОДОО 00010001): 


/ Аы 
(0, f (ril pj, oj )ŵj 


i Кур, 02)641 + f(z;|u2, а3)фо 
ПП $ 0O00. 00000040” 00000)000000000000000000000000 
1 
фл = ф=2000:000000000000,00000000000000 


(3)00004,2/={1,2}: 


N 


AJ 1116. AU 
b: Ti > b” (46-00) 
= i=l 

№ (й J N 

b?" 


i—1 | | i—l | 





Ну < 


(9.4) 


(4)00фь/Є (1,2) 


9.6110 


— 真实 pdf 
， 训练 样本 





10 У 


09.6 ПОЦЕМЦОООООО Кк= 2)0000000000О 


оооооовемооокрооооооо:0оооооо,оооооооооооооооооо 
00000000,006ММ000000%000/0000 (ой: с!изкеппа):х0Р ООП 


0000000000, 0000009.4004 070000000000 (0k00) 000000: || 
00000 


De Д9700,0х000/0000000072х ар 7900000 


00000000002000(>1)00000006“0000000200000000000 
ОДООО0000С0мММО)0 





kUUUUUUUUUUUUUUSCMMUUUUUUUUUUUUUUUUUUUUUUUUUUU 
0000000 


ЦОММм ОДО000000000Х000000000000000000000000000 
0,0000000000040000000.000,90000000000000000%: 


АР 


| 
агь шах РК (a) 
i=] 


ПЫ | Neel OOOOOOOL 


О000000000000000000000(5$ресёга! clustering) UI III! 
(hierarchical clustering ДО ОДОДО0О000000000,.000000000, КО 
UUHPB>CANUUUUUUUUUUUUUUUU 


9.3 ШЇЇ 


Ши 00000000000.000000000000000000000000000 
О0000000(6РО),П000000000000000000000000000000:00000 
Ши 


Ши 1101 ЕЕЕ ЕЕЕ ЕЕЕ ЕЕЕ НОЦ 
ООООО0000000000000000000000000000000,00000000000000 
ОО0000000000000.0000000000----О00000000000 


ПООООООООВООЗО, 00000000Ргіпсіріе Component 
АпаЇу5і5,РСАУДОДОДОДО000О( М пібоги Manifold Approximation 
and Projection, УМАР 1 (ам оепсоаелг)! 


ШИГ 1 TEL] 111011 
ОООО000000000000000000000 О00000000000000000000000 
ПП 


9.3.1 UUUUUU 


О00000(РСА)О00000000000000000000000020000000000 
ООО000000.00000000000000000000000000.0000000000,.90000 
ULL] 


О0000000009.7(а)ОО000000000000000000000000000100 
ОООО0000000000200001000000,00000200000000000000000, 


ОЗОДОД000000000, 0ОДОДО30000,.00000009. 7 (6 EL 00000000000 
ОО0.00000000000000 





-2 0 2 -2 0 2 


(a) 原始 数据 (b) 两 个 主要 成 分 的 向量 表示 
2 





-2 0 2 


x 
(c) 映射 于 第 一 个 主要 成 分 的 数据 


19.7 PCA 





LICLDBIDBIEIBIETEIDIEIDIDEIE] Pew < В ОО0000 ew О000000,0000000 
ШИГ, сү = 1,0000000000000000000 
9. "000000 


ООСН ОО, 000000000, 000000:000000000000000000000 
HOU, 000000000.0002003Д0000000000000000000.002003000, 
ОО000000000000000 


9.3.2 UMAP 
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUU,Ut->NEUUMAR,UUU 


ООООО0000000000000000000000000.0000000000.9000000000 
ОО000000000,.00000000000000 


ПО МАР, ОПООО00 и ИВ: 
Р Ч def I | ) , | | | 
Ц E Tj] = wi |; Fj] T wy (42), i] — Wi (Fi, Fj US ES. Ti] 
(9.5) 
[lw хо, хо 000: 
ша (Ei Cj | 二 EXP | —— — 
| 1 T; | 


00, ax; x ООО000000000, 20 d x О00000000 iel 000000 
ШОП 


009. 50000000.00000000001., 00000000 


П, w(x;,x;)= W(X, х) 


ОП УУПООДО0000000000000:0 и ПОООО00000000000000,.0109.5 
ULL] 


ОО00000,00000000000(о22у see) ОПОООДОО0000000000005 
ОООО00х00000000Ди«х)ЄГО, 11, П0х00500000( me mb ers hip 
strength)LlllLls>)LILIO, EILIO XDOUD OUO E SDULD Оба 0111,ПХ 
Ор0000500000хе 000 а 2) = 1 000500000000000000000000 


ООО000000000000000000 


Поим” 000000100,0000000 иж, ax) BOB ETE ос, «90000000 
ПООООО и“ ПО00000000000000000000000(#и022у set 
сго55-епігору), ІШ: 





N м 


. — x , | ш (тит: | 
Cyr = у у 1 (Ti, m.) In | - "Abe | 4- 
а | u" | т- т ) 
i—l Ї | i ( 1: j | 


(1 —w (ai, ej) | 2292020 | 
| (1-4 (4: ж.) 


ПО, [III III OU U 


(9.6) 


П09.60,00000ж4000/=1,...,^,ПО00000000000000000000 
ШЕ Cw, “ЦИП 


UU3.8UUUUUUUMNI>TOUUUUUUUUUUUUUUUUUMNI> IOUUUUU 
UUUUUUUUU:U00 70 000000000009.80010000000010000,00000 


О00000000000000,0МАРОБО000000(0000000000)0000 
0, ОМАРДОРСАОО ООДО00000 























09.8 ОММІЗТОДОДООДЗОДОДОДОД0О000 


9.4 [| 


[IL (оч ег деёесйоп)О00000000000000000000000000 


ОО0О0000000000000000000:0000000000000 


ООО0О00000 0000000000000000000, 00000000000000000 


0  ООО0О0Д0000000000000000000000000000 


Ши 00000000000000000.0000000 


[1] ПООООООД00000000.0000000000000000000000000000000 
0, 0000000.000000000, 00000000. 0000000000 


1101 ШИШ 


10.1 ШЇЇ 


0000, ПОООО000000000000000900000000000(Е2ихспавап 
аіѕёапсе)000000(соѕіпе similarity ДОДОО000000000,0000000 
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clustering algorithm(tUUUU ОООДО0О00000000000000 
ПО ОООД00000000000.0000000000000000000К000 
ПОПООРВЪСАМОГ 
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decision tree learning адог ћи (0000000) _ ООООООО 
UUUUUUUUUUUUUUUID30UCARTULC4.20 
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ПП 
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ПП 
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feature engineering 0000)  ПОООСОДОООООО0009000000 
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